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(54) A method for the separation and purification of nucleic acid 



(57) An' object of the present invenlion is to provide: 
a method for isolating and purifying nucleic acids which 
employs a solid phase wherein the solid phase has ex- 
cellent isolating capability, good washing efficiency, and 
easy workability, and can be mass produced with sub- 
stantially identical isolating capability, the solid phase 
being used in a method for isolating and purifying nu- 
cleic aeide by adsorbing nucleic acids in a sample onto 
a solid phase surface and desorbing the nucleic acids 
by washing and the like; and a unit for isolation and pu- 
rification of nucleic acid which is suitable for carrying out 



said method. The present invention provides a melhod 
for isolating and purifying a nucleic acid, comprisingthe 
. step of: adsorbing a nucleic acici.onto a solid phase com- 
posed of an organic high poiymer having a hydroxide 
group on a surface thereof, and desorbing the nucleic 
acid from the solid phase, and a unit for isolation and 
purification of nucleic acid comprising a container hav- 
ing at least two openings wherein the container contains 
a solid phase composed of organic high polymers hav- 
ing a hydroxyl group oh a surface thereof. 
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Description 

TECHNICAL FIELD 

s [0001] The present invention relates to a method for isolating and purifying nucleic acids, a unit for isolation and 
purification oi nucleic acid, and an analytical method using the same. 

BACKGROUND ART 

10 [0002] Various forms of nucleic acids are used in a variety of fields. For example, in the field of recombinant nucleic 
acid technology, nucleic acids are used in the form of probes, genomic nucleic acids and plasmid nucleic acids. 
[0003] In the field of diagnostics, nucleic acids are used in various methods. For example, nucleic acid probes are 
used routinely in the detection and diagnosis of human pathogen. Likewise, nucleic acids are used in the detection of 
genetic disorders. Nucleic acids are also used in the detection of food contaminants. Further, nucleic acids are used 

« routinely in locating, identifying and isolating nucleic acids of interest for a variety of reasons ranging from genetic 
mapping to cloning and recombinant expression. 

[0004] In many cases, nucfeic acids are available in extremely smalj amounts, and thus isolation and.purification 
procedures are laborious and time consuming. These often time consuming and laborious operations are likely to lead 
to the loss of nucleic acids. In purifying nucleic acids from samples obtained from serum, urine and bacterial cultures, 

2? there is a risk of contamination and false positive results. 

[0005] One widely known purification method is a method of adsorbing nucleic acids onto surfaces of silicon dioxide, 
silica polymers, magnesium silicate and the like, followed by the procedures such as washing and desorbing to carry 
oul purification (e.g., JP Patent Publication (Examined Application) No. 7-51 065).. This method exhibits excellent iso- 
lation ability, but industrial mass production of adsorbents with identical performance is difficult. Further, there are other 

25 drawbacks, such as inconvenience in handling and difficulty In processing into various shapes. 

DISCLOSURE OF THE INVENTION 

[0006] It is an object of the present invention to provide a method for isolating and purifying nucleic acids, which 

30 comprises adsorbing nucleic acids in a sample onto a solid phase surface and desorbing the nucleic acids by washing 
and the like. It is another object of the present invention to provide: a method for isolating and purifying nucleic acids 
which employs a solid phase wherein the solid phase has excellent isolating capability, good washing efficiency, and 
easy workability, and can be mass produced with substantially Identical isolating capability; and.a unitfor isolation and 
purification of nucleic acid which is suitable for carrying out said method. It-is another object of the.present invention 

35 to provide a method for analyzing nucleic acid which employs the above method for isolating and purifying nucleic 
acids. It is yet another object of the present invention to provide a method for analyzing nucleic acid fragment wherein 
the method can be conducted conveniently and expeditiously using a small apparatus without the need for special 
techniques, complicated operations and specific apparatus, that is, a method for analyzing nucleic acid fragment which 
can be automated and requires as little space as possible. 

40 [0007] The present inventors have made intensive studies to solve the above problems. As a result, they have found 
that, in a method for isolating and purifying nucleic acids comprising adsorbing and desorbing nucleic acids onto and 
from a solid phase, nucleic acids can be isolated with a high purity from a sample solution containing nucleic acids, by 
using as the solid phase an organic high polymer having a hydroxy! group on a surface thereof and using a unit tor 
isolation and purification of nucleic acid which comprises a container having two openings and containing the solid 

45 phase. Further, they have found that nucleic acid analysis with excellent convenience and prompt efficiency can be 
conducted with out the need for any specific apparatus by detecting, by the use of dry analytical element, pyrophosphoric 
acid produced during polymerase elongation reaction with the use of the nucleic acid isolated in the above method. 
The present invention has been accomplished based on these findings. 

[0008] Thus, according to the present invention, there ie provided a method for isolating and purifying a nucleic acid, 
so comprising the step oi: adsorbing a nucleic acid onto a solid phase composed of an organic high polymer having a 
hydroxide group on a surface thereof and desorbing the nucleic acid from the solid phase. 
[0009] According to another aspect of the present invention, there is provided a unit for isolation and purification of 
nucleic acid comprising a container having at least two openings wherein the container contains a solid phase com- 
posed of organic high polymers having a hydroxyl group on a surf ace thereof. 
55 [0010] According to a further aspect of the present invention, there is provided a method for introducing a hydroxy! 
group into acetylcellulose wherein beads are coated with acelylcellulose and then a surface thereof is saponified. 
[0011] Accorditigto yet another aspect of the present invention, there are provided beads having on asurface thereof 
acetylceljulose membrane into which hydroxyl group is introduced by surface saponification. 
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[0012] According to another aspect of the present invention, there is provided a method for analyzing nucleic acid 
which comprises the steps of: 

• (1 ) isolating and purifying a nucleic acid fragment containing atarget nucleic acid fragment by the above-mentioned 
method of the present invention; 

(2) allowing the target nucleic acid fragment, at least one primer complementary to a portion of the target nucleic 
acid fragment, at least one deoxy nucleoside triphosphate, and at least one polymerase to react with each other, 
to conduct polymerase elongation reaclion with using the target nucleic acid fragment as a template and using 3' 
terminal of the primer as Initiation site; and 

(3) detecting whether polymerase elongation reaction proceeds or whether the polymerase elongation reaction 
product hybridizes with another nucleic add. . 

[0013] Aceordingto another aspect of the present invention, there is provided an analytical apparatus forconducting 
the method for analyzing nucleic acid of the present invention, which comprises: (1) means for extracting andpurifying 
nucleic acid, which comprises a unit for isolation and purification of nucleic acid of the present invention; (2) reaction 
means for conducting polymerase elongation reaction; and (3) means for detecting whether polymerase elongation 
reaction proceeds or whether the polymerase elongation reaction product hybridizes with another nucleic acid. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] 

Fig. 1 is a schematic view of a unit for isolation and purification of nucleic acid of the present invention. 

Fig- 2 is one example of a unit for isolation and punficaTJon of nucleic acid of the present invention. A differential 

pressure generator to be connected to an opening 21 is not shown in the figure. Fig. 2 shows a container 1 , a main 

body 10, an. opening 101, a bottom face 102, a frame 103, a wall 1.04, a step 105, spaces 121, 122, and 123, a 

depressing member 13, a hole 131, projections 1 32, a lid 20, an opening 21 and a solid phase 30. 

Fig. 3 is a schematic view illustrating the analysis of nucleic acid according to the present invention. 

Fig. 4 is a perspective view illustrating an example of a kit in the form of cartridge which can be used in the present 

Invention, fig. 4 shows a kit 10, a base body 21, a lid 22, an opening 31, a reaction cell 32, a detection unit 33, 

canaliculus 41 and 42, a dry analytical element 51, a primer 81, deoxynucleoside triphosphate (dNTP) 82, and 

polymerase 83. 

Fig- 5 Is a-perspectlve view illustrating a system configuration when using. a kit, in the form of cartridge, of the 
present in\tention. Fig. 5 shows the kit 10, the reaction celf 32, the detectbn unit 33, temperature control portions 
61 and 62,ipand detection units 71 and 72. 

Fig. 6 shows the results of purification of nucleic acid from whole blood sample using a porous cellulose triacetate 
membrane having 100% surface saponification. 

Fig. 7 shows the results of electrophoresis of PCR products using nucleic acids isolated and purified in accordance 
with the method of the present invention. 

Fig, 8 illustrates the relationship between the number cf added Pseudomonas syringae and the optical density of 
reflecting light (OD R ). 

Fig. 9 illustrates the relationship between the number cf added Pseudomonas syringae and the optical density of 
reflecting ltght.(OD R ). 

DETAILED DESCRIPTION OF THE INVENTION 

[001 5] Hereinafter, embodiments of the present invention will be described. 

(1) Method for isolating and purifying nucleic acid according to the present invention 

[0016] A method for isolating and purifying nucleic acid according to the present invention is characterized in that 
the method comprises adsorbing and desorbing nucleic acids onto and from a solid phase composed of organic high 
polymers haying a hydroxy! group on a surface thereof. 

[0017] "Nucleic acid" in the present invention may be single stranded or double stranded, and there is no limit as to 
the molecular weight thereof. 

[001 8] Surface-saponified cellulose acetate is preferred as the organic high polymer having a hydroxy! group on its 
surface. Any cellulose acetate such as cellulose monoacetate, cellulose diacetate, and cellulose triacetate, may be 
used, but in particular, cellulose triacetate Is preferable. In the present invention, it is preferable to use surface-eapon- 
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ified cellulose acetate as the solid phase. The expression "surface-saponification" used herein means that only the 
surface which comes in contact with saponification treatment solution (e.g., NaOH) is saponified. In the present inven- 
tion, it is preferable that only a surface of a solid phase is saponified while the structure of the solid phase remains 
cellulose acetate. This allows the amount of hydroxy! group (density) on the surface of the solid phase to be controlled 

s . accbrdlngto the degree of surface saponification treatment (surface saponification degree). 

[0019] In order to enlarge the surface area of the organic high polymers having a hydroxyl group on its surface, it is 
preferable to form a membrane composed of the organic high polyme'r having a hydroxyl group on its surface. Further, 
cellulose acetate may be in the form of either a porous membrane or a non-porous membrane, while a porous mem- 
brane is much preferable When the solid phase is a porous membrane, the structure of the membrane remains cellulose 

io acetate, and only a surface of the structure is preferably saponified. This allows the spatial amount (density) of hydroxyl 
groups to be controlled according to the degree of surface-sappriification treatment (surface saponification degree) x 
pore size. Further, the structure of the membrane is composed of cellulose acetate and therefore a rigid solid phase 
can be obtained. Here, the introduction of hydroxyl groups on only a surface by surface-saponification of cellulose 
acetate means that the structure remains cellulose acetate and the surface is made into cellulose. It is noted that when 

is cellulose is used as a raw material, a porous membrane or a fiat membrane cannot industrially be produced because 
cellulose cannot be made into a liquid state. . 

[0020] For example, cellulose triacetate membrane is commercially available from Fuji Photo Film Co., Ltd. under 
the tradename of 'TAC base." As a porous cellulose triacetate membrane, MICROFILTER FM500 (Fuji Photo Film Co., 
Ltd.) is available. 

20 [0021] In addition, it is preferable that, for example, cellulose triacetate membranes are formed on surfaces of pol- 
yethylene beads and the resultant beads are surface-saponified so as to have a hydroxyl group on the surface. In this 
case, the beads are coated with cellulose triacetate. Any material may be used as beads as long as it does not con- 
taminate nucleic acids, and it is not limited to polyethylene. 

[0022] In order to increase isolation efficiency of nucleic acids, it is preferable that a larger number of hydroxyl groups 
25 are present. Forexample,-in the case of cellulose acetate such as ceilu lose triacetate, the surface-saponification ratio 
is preferably 5 % or more, more preferably 1 0% or more. 

[0023] For surface-saponifying cellulose acetate, the object to be surface-saponified is soaked in an aqueous solution 
of sodium hydroxide. The surface-saponification ratio may be changed by changing the concentration. of sodium hy- 
droxide. The surface-saponification ratio is determined by quantifying residual acetyl groups by means of NMR. 
so [0024] In the method for isolating and purifying nucleic acids according.to the present invention, it is preferred that 
nucleic acids are adsorbed and desorbed by using a unit for isolation and purification of nucleic acid which comprises 
a container having at least two openings wherein the container contains a solid phase composed of organic high 
polymers having a hydroxyl group on a surface thereof. 

[00251 Further preferably, nucleic acids can be adsorbed and desorbed by using a unit for isolation and purification 
35 of nucleic acid which comprises: (a) a solid phase composed of an organic high polymers having a hydroxyl grpup.dn 
a surface thereof; (b) a container having at ioast two openings and containing the solid phase; and (c) a differential 
pressure generator connected to one opening of the container. 

[0026] According to a first embodiment of the present invention, a method for isolating and purifying nucleic acids 
comprises the following steps of: 

(a) inserting one opening of a unit for isolation and purification of nuclBic acid into a sample solution containing 
nucleic acids, 

(b) creating a reduced pressure condition in a container by a differential pressure generator connected to another 
.opening of the unit for isolation and purifcatior: of nucleic acid, sucking the sample solution containing nucleic 
acids, and allowing the sample solution to come into contact with a solid phase composed of organic high polymers 
having a hydroxyl group on a surface thereof; 

(c) creating an increased pressure condition in the container by the differential pressure generator .connected to 
said another opening of the unit for isolation and purification. of nucleic acid, and discharging the sucked sample 
solution containing nucleic acids out of the container; ■ 

(d) inserting said one opening of the unit for isolation and purification of nucleic acid into a nucleic acid washing 
buffer solution; 

(e) creating a reduced pressure condition in the container by the differential pressure generator connected to said 
another opening of the unit for isolation and purification of nucleic acid, sucking the nucleic acid washing.buffer 
solution, and allowing the buffer solution to come into contact with the solid phase composed of organic high 
polymers having a hydroxyl group on a surface thereof; 

(f) creating an increased pressure condition in the container by the differential pressure generator connected to 
■said another opening of the unit for isolation and purification of nucleic acid, and discharging the sucked nucleic 
acid washing buffer solution out of the container; 
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(g) inserting the one opening of the unit for isolation and purification of nucleic acid into a solution capable of 
desorbing nucleic acids from the solid phase composed of organic high polymers having a hydroxyl group on a 
surface thereof; 

(h) creating a reduced pressure condition in the container by the differential pressure generator connected to said 
another opening of the unit for isolation and purification of nucleic acid, sucking the solution capable of desorbing 
nucleic acids from the solid phase composed of an organic high polymer having a hydroxy] group Dn a surface 
thereof, and allowing the solution to come into contact with the solid phase; and 

(i) creating a increased pressure condition in the containerby the differential pressure generator connected to said 
another opening of the unit for isolation and purification of nucleic acid, and discharging out of the container the 
solution capable of desorbing nucleic acids from the solid phase composed of organic high polymers having a 
hydroxyl group on a surface thereof. 

[0027] According to a second embodiment of the present invention, a method for isolating and purifying nucleic acids 
comprises the following steps of: 

(a) preparing a sample solutioncontaining nucleic acidsf rom a sample, and injecting the sample solution containing 
nucleic acids in one opening of a unit for isolation and purification of nucleic acid; 

(b) creating a increased pressure condition in the container by a differential pressure generator connected to said 
one opening of the unit for isolation and purification of nucleic acid, discharging the injected sample solution con- 
taining nucleic acids out of another opening, and thereby allowing the sample solution to come into contact with 
a solid phase composed of organic high polymers having a hydroxyl group on a surface thereof; 

(c) injecting a nucleic acid washing buffer in said one opening of the unit for isolation and purification of nucleic acid; 

(d) creating an increase pressure condition in the container by the differential pressure generator connected to 
said one opening of the unit for isolation and purification of nucleic acid, discharging the injected nucleic acid 
washing buffer out of said another opening, and thereby allowing the buffer to come into contact with the solid 
phase composed of organic high polymers having s hydroxyl group on a surface thereof; 

(e) injecting a solution capable of desorbing nucleic, acids from the solid phase composed of organic high polymers 
having a hydroxyl group on a surface thereof in the one opening of the unit for isolation and purification of nucleic 
acid; 

(f) creating ran increased pressure condition In the container by the differential pressure generator connected to 
said one opening of the unit for isolation and purification of nucleic acid, discharging the injected solution capable 
of desorbing riucleic acids out of said another opening, and thereby desorbing nucleic acids from the solid phase 
composed of an organic high polymer having a hydroxyl group on a surface thereof and discharging the desorbed 
nucleic acids out of the container. ■ 

[002B] Detailed description will be provided concerning a method for isolating and purifying nucleic acids using or- 
ganic high polymers having a hydroxyl group on a surface thereof. According to the present invention, preferably a 
sample solution containing nucleic acids is allowed to come into contact with a solid phase composed of organic high" 
polymers having a hydroxyl group on a surface thereof, and nucleic acids in the sample solution are adsorbed onto 
the solid phase. Next, the nucleic acids adsorbed onto the solid phase are desorbed therefrom using e suitable solution 
described below. More preferably, the sample solution containing nucleic acids is a solution which is prepared by 
treating a sample containing cells or viruses with a solution capable of dissolving cell membranes and nuclear mem 
branes so as to disperse nucleic acids into the solution, and then adding a water-soluble organic solvent to the solution. 
[0029] There is no limit on the sample solutions containing nucleic acids which can be used in the present invention, 
but examples thereof in the field of diagnostics include body fluids collected as samples, such as whole blood, plasma, 
serum, urine, stool, sperm, and saliva, or plants (or a part thereof), animals (or a part thereof), solutions prepared from 
biological materials such as lysates and homogenates of the above samples. 

[0030] First, these samples are treated with an aqueous solution comprising a reagent which dissolves cell mem- 
• branes and soiubilizes nucleic acids. This enables cell membranes and nuclear membranes to be dissolved, and en- 
ables nucleic acids to be dispersed into the aqueous solution. 

[0031] For dissolving cell membranes andsolubilizing nucleic acids, for example, when a sample Is whole blood, (1 ) ' 
removal of erythrocytes, (2) removal of various proteins, and (3) lysis of leukocytes and nuclear membrane, are nec- 
essary. (1) Removal of erythrocytes and (2) removal of various proteins are necessary to prevent their non-specific 
adsorption onto the so lid phase and cloggingof a porous membrane, and (3) lysis of leukocytes and nuclear membranes 
is necessary to solubilize nucleic acids which are to be extracted. In particular, (3) lysis of leukocytes and nuclear, 
membranes is an important process, arid in the method of the present invention, nucleic acids are required to be 
solubilized.in this process. In Examples described hereinafter, guanidine hydrochloride, Triton-X100, and protease K 
(SIGMA) are added, and then the mixture is incubated at 60»C for 10 minutes, thereby accomplishing the above (1 ), 
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(2), and {3) simultaneously. 

[0032] As the reagent to be used in the present invention for solubilizlng nucleic acids, a solution comprising a 
guanidine salt, a surfactant and a protease may be used. 

10033] Guanidine hydrochloride is preferable as the guanidine salt, but other guanidine salts (e.g., guanidine isothi- 
ocyanate and guanidine thlocyanate).can be used. The concentration of guanidine salt in the solution Is from 0 5 M to 
6 M, preferably from 1 M to 5 M. 

[0034] As the surfactant, Triton-X100 can be used, and also usable are anionic surfactants such as SDS, sodium 
chelate and sodium sarcosinate, nonionic surfactants such as Tween 20 and MEGAFAC, and other various amphoteric 
surfactants. In the present invention, nonionic surfactants such as polyoxyethylene octyl phenyl ether (Triton-X100) 
are preferably used. The concentration of the surfactant in the solution is usually 0.05 % by weight to 10 % by weight, 
more preferably 0:1 % by weightto 5 % by weight. 

[0035] Although protease K can be used as a protease, other proteases can also produce the same effect. Proteases 
are preferably haated because they are enzymes, and therefore they are used preferably at 37'C to 70°C, more pref- 
erably 50°C lo 65° C. 

[0036] A water-soluble organic solvent is added to the solution wherein nucleic acids are dispersed as described, 
thereby enabling contact with the organic high polymer having a hydroxy! group on a surface thereof. This operation 
enables nucleic acids in the sample solution to be adsorbed onto the organic high polymer having a hydroxy! group 
on a surface thereof. In order to adsorb the solubilized nucleic acids onto the solid phase composed of the organic 
high polymer having a hydroxyl group on a surface thereof in the operations described above, it is necessary to mix a 
water-soluble organic solvent with a mixed solution of solubilized nucleic acids and to allow salts to be present in the 
obtained mixed solution of nucleic acids. 

[0037] Namely, nucleic acids are solubilized under unstable conditions by breaking hydration structure of water mol- 
ecules existing around nucleic acids. When nucleic acids under this condition is made to come into contact with the 
solid phase cpmposed Df organic high polymers haviig a hydroxyl group on a surface thereof, it is considered that 
polar groups on the surface of nucleic acids interact with polar groups of the solid phase surface, and nucleic acids 
are adsorbed onto the solid phase surface. In the method of the present invention, nucleic acids can be placed under 
unstable condition by mixing a water-soluble organic solvent with the mixed solution of. solubilized nucleic acids and 
by allowing salts to be present in the obtained mixture solution of nucleic acids. 

[0038] Examples of the water-soluble organic solvent to be used herein include ethanol, isopropanoi, andpropanol. 
Among these, elhanol is preferable. The concentration of the water-soluble organic solvent is preferably 5% by weight 
to 90 % by weight, more preferably 20% by weight to 60% by weight, it is particularly preferable that ethanol is added 
so as to have as a high concentration as possible, but to such extent that aggregation does not occur. 
[0039] As the salts existing in the obtained mixture solutlon.of nucleic acids, preferable are various chaotropic sub- 
stances (guanidine salts, sodium iodide, and sodium perchlorate), sodium chloride, potassium chloride, ammonium 
chloride, sodium bromide, potassium bromide, calcium bromide, ammonium.bromide and the like. Guanidine' salts are 
in particular preferable because they exhibit effects for both the dissolution of cell membranes and the solubilization 
of nuclear acids. 

[0040] Next, the organb high polymer having a hydroxyj group on a surface thereof, onto which nucleic acids are 
adsorbed, is made to come into contact with a nucleic acid washing buffer solution. This solution washes out impurities 
which were present in the sample solution and were adsorbed onto the organic high polymer having a hydroxyl group 
on asurfaee thereof along with nucleic acids. Therefore, the buffer solution is required to have such a composition that 
only impurities and not nucleic acids are desorbedfrom the organic high polymer having a hydroxyl group on a surface 
thereof, The nucleic acid washing buffer solution comprises a solution which contains a base agent and a buffer agent, 
and if further necessary, a surfactant. Examples of the base agent include aqueous solutions having approximately 1 0 
to 1 00 % by weight of methanol, ethanol, isopropanoi, n-isopropanol, butanol, actone, or the like {preferably approxi- 
mately 20 to 1 00 % by weight, more preferably approximately 40 to 80 % by weight). Examples.of the buffer agents 
and surfactants include those described above; Among these, a solution comprising ethanol, Tris, and Triton-X1 00 is 
preferable. Tris and Triton-X100 preferably have a concentration of 10 to 100 mM and 0.1 to 10 % by weight, respec- 
tively. 

[0041] Further, the washed organic high polymers having a hydroxyl group on a surface thereof is made to come 
into contact with asolution capable of desorbing nucleic acids which have been adsorbed onto the organic high polymer 
having hydroxyl group on a surface thereof. The solution is collected since it contains nucleic acids of interest, and is 
then used for the ensuing operations such as PCR (polymerase chain reaction) to amplify nucleic acids. The solution 
capable of desorbing nucleic acids has preferably a low salt concentration, and more preferably the solution having a 
salt concentration of 0.5 VI or lower is used. Examples of the solution to be used include purified distilled water and 
TE buffer. 
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(2) Unit for isolation and purification of nucleic acid according to the present invention 

[0042] A unit for isolation and purif ication of nucleic add of the present invention comprises a container having at 
least two openings wherein the containercontains a solid phase composed of organic high polymer having a hydroxyl 
group on a surface thereof. 

[0043] A material for the container is not limited, as long as the container can contain the organic high polymer having 
a hydroxyl group on a surface thereof and have two or more openings provided thereon. Plastics are preferable due 
to their easy production. For example, preferably used are-transparent or opaque resins such as polystyrene, polymeth- 
acrylic acid ester, polyethylene, polypropylene, polyester, nylon, and polycarbonate. 

[0044] Fig. 1 shows a schematic view of the container. Basically, the container comprises a portion capable of con- 
taining the solid phase, and the solid phase is maintained inside the containing portion while sucking and discharging 
a sample solution and the like. Further, the opening of the container may be connectable to a differential pressure 
generator such as an injector. To this end, it is preferable that the container originally comprises two separated parts, 
and after the solid phase is containd the separated parts are incorporated with each other. Moreover, in Drderto prevent ' 
the solid phase from coming out of the containing portion, meshes prepared by materials which do not contaminate 
□NA may be placed on top of and beneath the solid phase 

[0045] There is no specific limit on the shape of the organic high polymer having a hydroxyl group on a surface 
thereof which is containd in the container, and any shape may be employed such as round shape, square shape, 
rectangle shape, and oval shape, tubulous shape and scrolling shape in the case of membrane, or beads coated with 
organic high polymer having a hydroxyl group on a surface thereof. However, because of production suitability, a highly 
symmetric shape such as round, square, tubulous, o' scrolling shape, and beads are preferable. 
[0046] One opening of the container is inserted into the sample solution containing nucleic acids so as to suck the 
sample solution and to bring it into contact with the organic high polymer having a hydroxyl group on a surface thereof , 
and the sample solution is discharged. Next, the nucleic acid washing buffer solution is sucked and discharged. Then, 
the solution capable of desorbing nucleic acids from the organic high polymer having a hydroxyl group on a surface 
thereof, is sucked and discharged, and the discharged solution is collected to obtain nucleic acids of interest. 
[0047] The nucleic acids of interest may be obtained by soaking the organic high polymer having a hydroxyl group 
on a surface thereof into the sample solution containing nucleic acids, the nucleic acid washing buffer solution, and 
the solution capable of desorbing nucleic acids from the organic high polymer having a hydroxyl group on a surface 
thereof in this qrder. 

[0048] The unit for isolation and purification of nucleic acid of the present invention preferably comprises: (a) a solid 
phase composed of organic high polymers having a hydroxy! grouo on a surface thereof; (b) a container having at least 
two openings and containing the solid phase; and (c) a differential pressure generator connected to one opening of 
the container. Hereinafter, the unit for isolation and purification of nucleic acid will be described. 
[0049] The container is usually prepared in the form of having a separate lid and a main body for containing a solid 
phase composed of organic high polymers having a hydroxyl group on a surface thereof, and at least one opening is 
provided for each of the main body and lid. One opening is used as an inlet and outlet for sample solutions containing 
nucleic acids, a nucleic acid washing buffer solution, and asolution capable of desorbing nucleic acids from the sofid 
phase (hereinafter referred to as "sample solution and the like"), while the other opening is connected to a differential 
pressure generator which creates a reduced or increased pressure condition in the container. Although the shape of 
the main body is not particularly limited, it preferably has a found cross section in order to make the production easy 
and readily disperse the sample solution and the like over the entire face of the solid phase. It Is also preferable that 
the container has a rectangle cross section in order to prevent cutting chips of the solid phase from being produced. 
[0050] The lid is required to bejoined with the main body so as to enable the inside of the containerto have a reduced 
and increased pressure condition by a differential pressure generator. However, as long as this condition is provided, 
any joint method may be selected Examples of the methods include use of an adhesive, thread-in method, built-in 
method, screw cramp, and fusion bond by ultrasonic heating. 

[0051] The internal volume of the container is determined solely by the amount of the sample solution to be treated. 
In genera!, it is represented by a volume of the solid phase to be containd therein. Namely, the container preferably 
has a size enough to contain approximately 1 to 6 pieces of solid phase which has a thickness of approximately 1 mnr 
or less (e.g., approximately 50 to 500 urn) and a diameter of approximately 2 mm to 20 mm, 
[0052] It is preferable that the end face of sofid phase is closely contacted to an inner wall of the container to such 
extent that the sample solution and the like do not pass through the space between them 

[0053] There is provided a space from the inner wall of the container, ratherthan being closely contacted therewith, 
beneath the solid phase facing the opening used as inletforthe sample solution and the like, so that the container has 
such a structure thatthesamplesolution and the like can be dispersed overthe entire solid phase as evenly as possible. 
[0054] There is preferably provided a member with a hole almost in its center on the solid phase facing the other 
opening, that is the opening connected to the differential pressure generator. This member depresses the solid phase 
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and also effectively discharges the sample solution and the like. The member preferably has a shape with a slant, for 
example, like a funnel or a bow! in order to congregate liquid to its center. The size of the hole, the degree of the slant, 
and the thickness of the member may be properly determined by those skilled in the art, considering the amount of 
sample solution to be treated or the size of container for containing the solid phase. There is preferably provided a 
s space between this member and the other opening for storing the overflowed sample solution and the like in the space 
and preventing overflowed sample solution and Ihe like from being sucked into the differential pressure generator. The 
size of this space is also appropriately determined by those skilled in the art. For efficient collection of nucleic acids, 
it is preferable to suck more amount of the sample solution containing nucleic acids than the amount needed for soaking 
the entire solid phase.' 

10 [0055] Moreover, it is preferable to provide a space between the solid phase and this member, In order to prevent 
the sample solution and the like from gathering only directly underneath the opening while sucking and to allow the 
sample solution and the like to pass through the inside of the solid phase in a relatively even manner. To this end, 
plural projections are preferably provided from the member toward the solid phase. Although the size or number of the 
projections can be determined by those skilled in the art, it is preferable to maintain as large an open area of the solid 

15 phase as possible while maintaining the space. 

[0056] When there are provided three or mpre openings on the container, it is needless to say that extra openings . 
must be closed temporarily in order 1o enable liquid to be sucked and discharged by the reduction and increase of 
pressure. 

[0057] The differential pressure generator first reduces the pressure inside the container containing the solid phase 

SO so as to suck the sample solution containing nucleic acids. Examples of the differential pressure generator include an 
Injector, a pipette, and a pump such as Perista pump which can conduct suction and pressure increase. Among these, 
an injector is preferable for manual operation, and a. pump is preferable automatic operation Further, a pipette is ad- 
vantageous since il can easily be handled by one hand. Preferably, the differential pressure generator is detachably 
connected to one opening of the container 

25 [0058] Next, a method for purification of nucleic acid using the unit for isolation and purification of nucleic acid will 
be described: First, one opening of the unit for isolation and purification, of nucleic acid is inserted into a sample solution 
containing nucleic acids. Then, the sample solution is sucked into, the container by reducing the pressure inside the 
purification unit by means of the .differential pressure generator connected to another opening. By this operation, the 
sample solution is made to come into contact with the solid phase so that nucleic acids.present in the sample solution 
.30 are adsorbed onto the solid phase. In this case, the amount of sample solution to be sucked is "preferably enough to 
come Into contact with almost the entire solid phase. However, suction of the sample solution into the differential- 
pressure generator would cause contamination, and thus the amount is to be adjusted accordingly. 
[0059] After sucking an appropriate amount of sample solution, the sucked solution is discharged by increasing the 
pressure inside the container of the unit by means of the differential pressure generator. It is not necessary to provide 

35 an interval untill this operation, and thus the solution may be discharged immediately after sucking. 

[0060] Next, the nucieic acid washing buffer solution is sucked into the container and discharged therefrom so as to 
wash the inside the container by reducing and increasing the pressure in the same manner as described above. This 
solution can wash out residual sample solution inside the container, and at the same time it works to wash out impurities 
of the sample solution, which are adsorbed onto the solid phase along with nucleic acids. Therefore, it must have such 

to a composition that it desorbs only impurities from the solid phase, and not the nucleic acids. The nucleic acid washing 
buffer solution comprises an aqueous solution which contains a base agent and a buffer, and if necessary, a surfactant. 
Examples of the base agent include aqueous solutions having approximately 1 0 to 90 % (preferably approximately 50 
to 90 %) of methyl alcohol, ethyl alcohol, butyl alcohol; acetone, or the like. Examples of the buffer and surfactant 
include those described above. Among those, solutions containing ethyl alcohol, Tris and Triton-X100 are preferable. 

45 Preferable concentrations of Tris and Triton-XI 00 are 1 0 to 1 00 mM and 0.1 to 1 0 %, respectively. . 

[0061] Then, the solution capable of desorbing nucleic acids from the solid phase is introduced into the container 
and discharged therefrom by reducing and increasing the. pressure in the same manner as described above. The 
discharged solution contains nucleic acids of interest. Thus, this solution is collected and utilized in the subsequent, 
operations such as nucleic acid amplification by PCR (polymerase chain reaction). 

50 [0062] Fig. 2 is a cross sectional view of one example of a unit for isolation and purification of nucleic acid according 
to the present invention, but the differential pressure generator is not shown. A container 1 containing a solid phase 
is composed of a main body 10 and a lid 20, and is formed by transparent polystyrene. The main body 1 0 contains 
surface-saponified cellulose triacetate membranes as solid phases 30. In addition, it has an opening 101 for sucking 
a sample solution and the like. A bottom face 102 running from the opening is formed in a funnel shape and provides 

55 a space 121 from asolid phase 3D. A frame 1 03 is provided integrally with the bottom face 1 02 so as to maintain space 
121 by supporting the solid phase 30. 

[0063] The main body has an innerdiameter of 20.1 mm and a depth of 5.9 mm, and the length from the bottom face 
1 02 to the opening 1 01 is approximately 70 mm Further, the solid phase 30 contained therein has a diameter of. 20.0 
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mm and a piece of the solid phase has a thickness of approximately 50 to 500 urn. As one example, the solid phase 
may have a thickness of 100 urn 

[0064] In Fig. 2, afunnel-shapecldepressing meml3er13 isprovidedabovethesolid phase. The depressing member 
13 has a hole 131 in its center and also has a group of projections 132 provided downwardly, and there is provided a 
space 122 between the depressing member 1 3 and the solid phase 30. In order to prevent the sample solution and 
the like from leaking through a space between the solid phase 30 and a wall 104 of the main body 10, the wall 1.04 is 
prepared to have a larger diameter of its. upper part than the solid phase, and the depressing member 1 3 has its end 
placed on a step 1 05. 

[0065] The lid 20 is jointed with the main body 10 by ultrasonic heating. The lid 20 has an opening 21 almost on its ' 
center, which is used for oonnecting the differential pressure generator. There is provided a space 123 between the 
lid 20 and depressing member 1 S, which holds sample solution and the like flowing from the hole 131 . The volume of 
the space 123 is approximately 0.1 nil. 

(3) Method of analyzing nucleic, acid according te tho present invention 

[0066] A method of analyzing nucleic acid according to the present invention comprises the steps of: 

(1) isolating and purifying nucleic acid fragments containing target nucleic acide by the method of the present 
invention; 

(2) allowing the target nucleic acid fragment, at least one primer complementary to a portion of the target nucleic 
acid fragment, at least one deoxynucleoslde triphosphate, and at least one polymerase to react with each other, 
and conducting polymerase elongation reaction by using the target nucleic acid fragment as a template and using 
3' terminal of the primer as an initiation site; and 

(3) detecting whether polymerase elongation reaction proceeds, or whether the polymerase elongation reaction 
product hybridizes with another nucleic acid. 

[0067] According to a preferable embodiment of the present invention, whether polymerase elongation reaction pro- 
ceeds can be detected by assaying pyrophosphoric acid which is produced in accordance with polymerase elongation ■ 
reaction. 

[0068] According to a further preferable embodiment, pyrophosphoric acid is analyzed by a colorimetric method, 
more preferably by use of a dry analytical element According to the method of analyzing nucleic acid according to the 
present invention, it is possible to detect the presence or abundance of a target nucleic acid fragment, orto detect 
nucleotide sequences of the target nucleic acid fragment. The concept. of the expression "to detect the abundance" 
used herein Includes the quantification of the target nucleic, acid fragment. Examples of the detection of nucleotide 
sequences of the target nucleic acid fragment include detection of mutation or polymorphism of the target nucleic acid. 
Fig. 3 is a schematic view illustrating an embodiment of the present invention. 

[00B9] A first preferable embodiment of the method of analyz ng a target nucleic acid fragment according to the 
present invention is described hereinafter. 

(a) The detection of pyrophosphoric acid is carried out using a dry analytical element for quantitative assay of r 
pyrophoephorio add which contains a reagent layer comprising xanthosine or inosine, pyrophosphatase, purine 
nucleoside phosphorylase, xanthine oxidase, peroxidase and a color developer. . 

(b) A polymerase used therein is one selected from the group consisting of DNA polymerase I, Klenow fragment 
of DNA polymerase I, Bst DNA polymerase, and reverse transcriptase. 

[0070] Further, according to another embodiment of the present invention, when whether polymerase elongation 
reaction proceeds is determined by the detection of pyrbphbsporic acid which is produced in the polymerse elongation 
reaction, pyrophosphoric acid is enzymatically converted into inorganic phosphorus. Thereafter, for the detection of 
pyrophosphoric acid, used is a dry analytical method for quantitative assay of inorganic phosphorus which contains a 
. reagent layer comprising xanthosine or inosine, purine nucleoside phosphorylase, xanthine oxidase, peroxidase and 
a color developer. A preferable embodiment for this case is described hereinafter. 

(a) Pyrophosphatase is used as an enzyme forthe conversion of pyrophosphoric acid. 

(b) A polymerase used therein is one selected from the group consisting of DNA polymerase I, Klenow fragment 
of DNA polymerase I, Bst DNA polymerase, and reverse transcriptase. 

10071] The embodiments of the present invention will be described in more detail in the following. 
(A)Targetnucieicacidfragment: A target nucleic acid fragment to be analyzed in the present invention is polynucleotide, 
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at least a part of its nucleotide sequence being known, and can be a genomic DNA fragment isolated from all the 
organisms including animals, microorganisms, bacteria, and plants. Also, RNA or DNA fragment which can be isolated 
from viruses and cDNA fragment which is synthesized using mRNA as template, can be analyzed. Preferably, the 
target nucleic acid fragment is purified as highly as possible, and an extra ingredient other than a nucleic acid fragment 
is removed. For example, when a genomic DNA fragment isolated from blood of animal (e.g., human) or nucleic acid 
(DNA or RNA) fragments of infectious bacteria or virus existing in blood are analyzed, cell membrane of leucocyte 
which was destructed in the isolation process, hemoglobin which was eluted from erythrocytes, and other general 
chemical substances in blood should be fully removed. In particular, hemoglobin inhibits the subsequent polymerase 
elongation reaction. Pyrophosphoric acid and phosphoric acid existing in blood as general biochemical substances 
are disturbing factors for accurate detection of pyrophosphoric acid generated by polymerase elongation reaction. 

(B) Primeroomplementary with target nucleic acidfragmerrt:Aprimercomplementary with atarget nucleic acid fragment 
used in the present invention is oligonucleotide having a nucleotide sequence complementary with a target site, the 
nucleotide sequence of the target nucleic acid fragment being known. Hybridization of a primercomplementary with 
the target nucleic acid fragment to a target site of the target nucleic acid fragment results in progress on polymerase 
elongation reaction starting from the 3" terminus of the primer and using the target nucleic acid as template. Thus, 
whether or not the primer recognizes and specifically hybridizes to a target site of the target nucleic acid fragment is 
an important issue in the present invention. The number of nucleotides in the primer used in the present invention is 
preferably 5 to 60, and particularly preferably 1 5 to 40. If the number of nucleotides in the primer is too small, specificity 
with the target site of the target nucleic acid fragment is deteriorated and also a hybrid with the target nucleic acid 
fragment cannot be stably formed. When the number of nucleotides in the orimer is too high, double-strands are dis- 
advantageously formed due to hydrogen bonds between primers orbetween nucleotides in a primer. This also results 
in deterioration In specificity. 

[0072] When the existence of the target nuclejc acid fragment is detected by the method according to the present 
invention, a plurality of primers complementary with each different site in the target nucleic acid fragment can be used. 
Thus, recognition of the target nucleic acid fragment in a plurality of sites results in improvement.in specificity in detecting 
the existence of the target nucleic acid fragment. When a part of the target nucleic acid fragment is amplified (e.g., 
PCR), a plurality of primers can be designed in accordance with the amplification methods. 
[0073] When the nucleotide sequence of the target nucleic acid fragment is detected by the method according to the 
present invention, particularly when the occurrence of mutation or polymorphisms is detected, a primer is designed in 
accordance with a type of nucleotide corresponding to mutation or polymorphisms so as to contain a portion of mutation 
or polymorphisms of interest. Thus, the occurrence of mutation or polymorphisms of the target nucleic acid fragment 
causes difference in the occurrence of hybridization of the primer to the target nucleic acid fragment, and the detection 
as difference in polymerase elongation reaction eventually becomes feasible. By setting a portion corresponding to 
mutation or polymorphisms around the 3' terminus of the primer, difference in recognition of the polymerase reaction 
site occurs, and this eventually enables the detection as difference in polymerase elongation reaction. 

(C) Polymerase: When the target nucleic acid is D**JA, polymerase used in the present Invention is DNA polymerase 
which catalyzes complementary elongation reaction Which starts from the double-strand portion formed by hybridization 
of the primerwith the target nucleic acid fragment in its portion denatured into single-strand in the 5' -> 3' direction by 
using deoxynucleoside triphosphate (dNTP) asmaterial and using the target nucleic acid fragment as template. Specific 
examples of DNA polymerase used include DNA polymerase I, Klenow fragment of DNA polymerase I, and Bst DNA 
polymerase. DNA polymerase can be selected or combined depending on the purpose. For example, When a part Of 
the target nucleic acid fragment is amplified (e.g., PCR), use of Taq DNA polymerase which is excellent in heat resist- 
ance, is effective. When a part of the target nucleic acid fragment is amplified by using the amplification method (loop- 
mediated isothermal amplification of DNA (the LAMP method)) described in "BIO INDUSTRY, Vol. 18, Np. 2, 2001 ," 
use of Bst DNA polymerase is effective as strand displacement-type DNA polymerase which has. no nuclease activity 
in the 5' ->■ 3' direction and catalyzes elongation reaction while allowing double-strand DNA to be released as single- 
strand DNA on the template, Use of DNA polymerase «, 14 DNA polymerase, and T7 DNA polymerase, which have 
hexokinase activity in the 3' 5' direction in combination is also possible depending on the purpose. 

[0074] When a genomic nucleic acid of RNA viruses or mRNA is a target nucleic acid fragment, reverse transcriptase 
having reverse transcription activity can be used. Further, reverse transcriptase can be used in combination with Taq 
DNA polymerase. 

(D) Polymerase elongation reaction: Polymerase elongation reaction in the present invention includes all the comple- 
mentary elongation reaction of nucleic acids which proceeds by starting from the 3' terminus of a primercomplementary 
with the target nucleic acid fragment as described in (B) above which was specifically hybridized with' a part of the 
portion denatured into a single-strand of the target nucleic acid fragment as described in (A), using deoxynucleoside 
triphosphate (dNTP) as material, using a polymerase as described in (C) above as a catalyst, and using a target nucleic 
acid fragment as template. This complementary nucleic acid elongation reaction indicates that continuous elongation 
reaction occurs at least twice (corresponding to 2 nucleotides) . 



10 



P 13806<l2AiJ_> 



EP 1 380 642 A1 



[0075] Examples of a representative polymerase elongation reaction and an amplification reaction of a subject site 
of the target nucleic acid fragment involving polymerase elongation reaction are shown below. The simplest case is 
that only one polymerase elongation reaction in the 5' -» 3' direction is carried out using the target nucleic acid fragment 
as template. This polymerase elongation reaction can be carried out under isothermal conditions. In this case, the 
amount of pyrophosphoric acid generated as a result ot polymerase elongation reaction Is in proportion to the initial 
amount of the target nucleic acid fragment. Specifically, it is a suitable method for q uantitatively detecting the existence 
of the target nucleic acid fragment. ■ 

[0076] When the amount of the target nucleic acid fs small, a target site of the target nucleic acid is preferably 
amplified by any means utilizing polymerase elongation reaction. In the amplification of the target nucleic acid, various 
methods which have been heretofore developed, can be used. The most general and spread method for amplifying 
the target nucleic acid is polymerase chain reaction (PCR). PCR is a method of amplifying a target portion of the target 
nucleic acid fragment by repeating periodical processes of denaturing (a step of denaturing a nucleic acid fragment 
from double strand to single-strand) -> annealing (a step of hybridizing a primer to a nucleic acid fragment denatured 
into single-strand) -> polymerase (Taq DNA polymerase) elongation reaction -> denaturing, by periodically controlling 
the increase and decrease in t9fnperature of the reaction solution. Finally, the target site of the target nucleic acid 
fragment can be amplified 1 ,000,000 times as' compared to the initial amount. Thus, the amount of accumulated py- 
rophosphoric acid generated upon polymerase elongation reaction in the amplification process in PCR becomes large, 
and thereby the detection becomes easy. * ■ ' ■ 

[0077] A cycling assay method using exonudease described in Japanese Patent Publication Laying-Open No. 
5-130870 is a method for amplifying a target site of the target nucleic acid fragment utilizing polymerase elongation. 
In this method, a primer is decomposed from a reverse direction by performing polymerase elongation reaction starting 
from a primer specifically hybridized with a target site of the target nucleic acid fragment; and allowing 5' -+ 3' exonu- 
dease to act. In place of the decomposed primer, a new primer is hybridized , and elongation reaction by DNA polymer- 
ase proceeds again. This elongation reaction by polymerase and the decomposition reaction by exonudease for. re- 
moving the previously elongated strand are successively and pe'iodically repeated. The elongation reaction/by. 
polymerase arid the decomposition reaction by exonudease can be carried out under isothermal conditions. The 
amount of accumulated pyrophosphoric.acid generated in polymerase elongation reaction repeated in this cycling 
assay method becomes large, and the detection becomes easy. 

[0078] The LAM P method is a recentiy developed method for amplifying a target site of the target nucleic acid frag- 
ment. This method is carried out by using at least 4 types of primers, which complimentarily recognize at least 6 specific 
sites of the target nucleic acid fragment, and strand displacement-type Bst DNA polymerase, which has no nuclease 
activity in the 5k-> 3' direction and which catalyzes elongation reaction while allowing the double-strand DNA on the 
template to be released as single-strand DNA. In this method, a target site of the target nucleic ectd fragment is amplified 
as a special structure under Isothermal conditions. The amplification efficiency of the LAMP method is high, and the 
amount of accumulated pyrophosphoric acid generated upon polymerase elongation reaction is very large, and the 
detection becomes easy. 

10079] When the target nucleic acid fragment is a RNA fragment, elongation reaction can be carried out by using 
reverse transcriptase having reverse transcription activity and using the RNA strand as template. Further, RT-PCR can 
be utilized where reverse transcriptase is used in combination with Taq DNA polymerase, and reverse transcription 
(RT) reaction is carried out, followed by PCR. Detection of pyrophosphoric acid generated in the RT reaction or RT-PCR 
reaction enables the detection of the existence of the RNA fragment of the target nucleic acid fragment. This method 
is effective when the existence of RNA viruses is detected. • 

(E) Detection of pyrophosphoric acid (PPi): Amethod represented by formula 1 has been heretofore known as a method 
for detecting pyrophosphoric acid (PPi). In this method, pyrophosphoric acid (PPi) is converted into adenosinetriphos- 
phate (ATP) with the aid of sulfurylase, and luminescence generated when adenosinetriphosphate acts on luclferin 
with the aid of luclferase ie detected. Thus, an apparatus capable of measuring luminescence is required for detecting 
pyrophosphoric acid (PPi) by this method. 

Formula 1 

[0080] 



ATP sulfurylase 

PPi + adenosine-S'-phosphosulfate ATP + SO* 5 ' 
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Lucif erase 



ATP + luciferin + 0 2 



AMP + PPi + oxyluciferin + C0 2 



Laminesceacc 



[0081] A method for detecting pyrophosphoric acid suitable for the present invention is a method represented by 
.formula 2 or 3. In the method represented by formula 2 or 3, pyrophosphoric acid (PPi) is converted into inorganic 
phosphate (Pi) with the aid of pyrophosphatase, inorganic phosphate (Pi) is reacted with xanthosine or inosine with 
the aid of purine nucleoside phosphorylase (PNP), the.resulting xanthine Dr hypoxanthine is oxidated with the aid of 
xanthine oxidase (XOD) to generate uric acid, and a color developer {a dye precursor) is allowed to develop color with 
the aid of peroxidase (POD) using hydrogen peroxide (H 2 0 2 ) generated in the oxidation process, followed by colorim- 
etry. In the method represented by formula 2 or 3, the result can be detected by colorimetry and, thus, pyrophosphoric 
acid (PPi) can be detected visually or using a simple colorimetric measuring apparatus. 



pyrophosphatase 



PPi + H-,0 



2Pi 



ribose-1-phospb.ate 



xanthosine 




xanthine 




XOD 



uric acid 



PNP 



Oz H 2 0 2 



dye precursor 




POD 
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pyrophosphatase 
PPi + H 2 0 L_ 2Pi ribose^l-phosphate 
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PNP 



XOD XOD 

xanthine uric acid 

7X rx 

0 2 H 2 0 2 0 2 H 2 0 2 
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POD 



[0082] Commercially available pyrophosphatase (EC3, 6, 1 , 1), purine nucleoside phosphorylase (PNP EC2 4 2 
1), xanthine oxidase (XOD, EC1 . 2, 3. 2), and peroxidase (POD, EC1. 11.1,7) can be used. A color developer (i.e.! 
35 a dye precursor) may be any one as long as it can generate a dye by hydrogen peroxide and peroxidase (POD), and 
exampies thereof which can be used herein include; a composition which generates a dye upon oxidation of leuco dye 
(e.g., triarytimidazole leuco dye described in O.S.Paterit. No. 4,089,747 and the like, diarylimidazole leuco dye de- 
scribed in Japanese Patent Publication Laying-Open No. 59-1 S3352 {EP 0122641A)); and a composition (e.g., 4-ami- 
noantipyrines and phenols or naphthols) containing e compound generating a dye by coupling with other compound 
upon oxidation. . 

(F) Dry analytical element: A dry analytical dement which can be used in the present invention is an analytical element 
which comprises a single or a plurality of functional layers, wherein at least one layer (or a plurality of layers) comprises 
a detection reagent, and a dye generated upon reaction in the layer is subjected to quantification by colorimetry by 
reflected light or transmitted light Irom the outside of the analytical element. 

45 C00S3] In orderto perform quantitative analysis using such a dry analytical element, a given amount of liquid sample 
is spotted onlo the surface of a developing layer. The liquid sample spread on the developing layer reaches the reagent 
layer and reacts with the reagent thereon and develops color. After spotting, the dry analytical element is maintained 
forasuitableperiodoftimeatgiventemperature(forincubation)andacolordevelopingreactionisal!owedto thoroughly 
proceed. Thereafter, the reagent layer is irradiated with an illuminating light from, for example, a transparent support 

*> side, the amount of reflected light in a specific wavelength region is measured to determine the optical density of 
reflection, and quantitative analysis is carried out based on the previously determined calibration curve. 
10084] Since a dry analytical element is storedahd kept in a dry state before detection, it is not necessary that a 
reagent is prepared for each use. As stability of the reagent is generally higher in a dry state, it is better than a so- 
called wet process in terms of simplicity and swiftness since the wet process requires the preparation of the reagent 

55 solution for each use. It is also excellent as. an examination method because highly accurate examination can be swiftly 
carried out with a very small amount of liquid sample. 

(G) Dry analytical elementfor quantifying pyrophosphoric acid: A dry analytical element for quantifying pyrophosphoric 
acid which can be used in the present invention can have a layer construction which is similar to various' known dry 
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analytical elements. The dry analytical element may be multiple layers which contain, in addition to a reagent for par- 
forming the reaction represented by form ula 2 or 3 according to item (E) above (detection of pyrophosphoric acid (PPi)), 
a support, a developing layer, a detection layer, a light-shielding layer, an adhesive layer, a water-absorption layer, an 
undercDating layer, and other layers. Examples of such dry analytical elements include those disclosed in the specifi- 
cations of Japanese Patent Publication Laying-Open No. 49-53888 (U.S. Patent. No. 3,992,158), Japanese Patent 
Publication Laying-Open No. 51-40191 (U.S. Patent. No. 4,042,335), Japanese Patent Publication Laying-Open No. 
55-164356 (U.S Patent. No. 4,292,272), and Japanese Patent Publication Laying-Open No. 61-4959 (EPC Publication 
NO.0166365A). 

[0085] Examples of the dry analytical element to be used in the present invention include a dry analytical element 
for quantitative aasay of pyrophosphoric acid which has a reagent layer comprising a reagent which converts pyro- 
phosphoric acid into inorganic phosphorus, and a group of reagents capable of color reaction depending on the amount 
of inorganic phosphorus. 

[0086] in thie dry analytical element for quantitative assay of pyrophosphate, pyrophosphoric acid (PPi) can enzy- 
maticaliy bo converted into inorganic phosphorus (Pi) using pyrophosphatase as described above. The subsequent 
process, that is color reaction depending on the amount of inorganic phosphorus (Pi), can be performed using "quan- 
titative assay method of inorganic phosphorus" (and combinations of individual reactions used therefor), described ' 
hereinafter, which is known in the field of biochemical inspection. 

[0087] It is noted that when representing "inorganic phosphorus," both the expressions "Pi" and "HP0 4 2-, H 2 POj " 
are used for phosphoric- acid (phosphate ion). Although the expression "Pi" is used in the examples of reactions de- 
scribed below, the expression "HP0 4 2 -"may be used for the same reaction formula. 

[0088]- As the quantitative assay method of inorganic phosphorus, an enzyme method and a phosphomolybdate 
method are known. Hereinafter, this enzyme method and phosphomolybdate method will be described as the quanti- 
tative assay method of inorganic phosphorus. 

A. Enzyme method 

[0089] Depending on the enzyme to be used for the last color reaction during a series of reactions for Pi quantitative 
detection, thefollowing methods for quantitative assay are available: using peroxidase (POD); or using glucoses-phos- 
phate dehydrogenase (G6PDH), respectively. Hereinafter, examples of these methods are described. 

(1 ) Example ol the method using peroxidase (POD) 

0-1) 

[0090] Inorganic phosphorus (Pr) is allowed to react with inosine-by purine nucleoside phosphorylase (PNP), and 
the resultant hypoxanthine Is oxidized by xanthine oxidase (XOD) to produce uric acid. During this oxidization process, 
hydrogen peroxide (H 2 0 2 ) is produced. Using the thus produced hydrogen peroxide, 4-aminoantipyrines (4-AA) and 
phenols are subjected to oxidization-condensation by peroxidase (POD) to form a quinonimine dye, which is colori- 
metrically assessed. ; 

(1-2) 

[0091] Pyruvic acid is oxidized by pyruvic oxidase (POP) in the presence of inorganic phosphorus (Pi), cocarboxylase 
(TPP),flavin adenine dinucleotide (FAD)andMg 2+ to produce acetyl acetate. During this oxidization process, hydrogen . 
peroxide (H^) is produced. Using the thus produced hydrogen peroxide, 4-aminoantipyrines (4-AA) and phenols are 
subjected to oxidization -condensation by peroxidase (POD) to form a quinonimine dye which is cdlorimetrically as- 
sessed, in the same manner as described in 

(1-D 

[0092] . It is noted that the last color reaction for each of 1he above processes (1-1) and (1-2) can be performed by 
a "Trinder reagent" Which is known asadeteclion reagent for hydrogen peroxide. In this reaction, phenols function as 
"hydrogen donors:" Phenols to be used as "hydrogen donors" are classical, and now various modilied "hydrogen do- 
nors" are used. Examples of these hydrogen donors include N-ethyl-N-suIfopropyl-m-anilidine; N-ethyl-N sulfopropy- 
laniline, N-ethyl-N- sulfopropyl- 3,5 -dimethoxyaniline, N-sulfopropy 1-3, 5-dimethoxyani line, N-elhyl-N-sulfopropyl- 
'3,5-dimethylaniline, N-ethyl-N- sulfopropyl-m-toluidine, N-ethyl-N-(2-hydroxy-3-sulfopropyl)-m-anilidlne N- 
ethy!"N-(2-hydrox.y-3-su)fopropyl) aniline, N-ethyl-N-(2-hydroxy- 3 sulfopropyl)- 3,5-dimethoxyaniline, N-(2-hydroxy- 
S-sulfopropylJ-S^-dimethoxyaniline, N-ethyl-N- (2-hydroxy-3-su if opropyl)-3,5-dimethylaniline N-elhyl-N-(2-hydroxy- 
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3-sulfopropyl)-m-toluidine, and N-sulfopropylaniline. 

(2) Example or a method using glucose-6-phosphate dehydrogenase (G6PDH) 
(2-1) 

[0093] Inorganic phosphorus (PI) Is reacted with glycogen with phosphorylase to produce glucose-1 -phosphate (G- 
1-P), The produced glucose-1 -phosphate is converted nto glucose-6-phosphate (G-6-P) with phosphoglucomutase 
(PGM). In the presence of glucose-6-phosphate and nicotiamide adenine dinucieotide(NAD), NAD is reducedto NADH 
with glucose-6-phosphate dehydrogenase (G6PDH), followed by colorimetric analysis of the produced NADH. 

(2-2) . ■ 

[0094] Inorganic phosphorus (Pi) is reacted with maltose with maltose phosphorylase (MP) to produce glucose- 
1 -phosphate (G-1-P). Thereafter, the produced glucose '1 -phosphate is converted into glucose-6-phosphate (G-6-P) 
with phosphoglucomutase (PGM) in the same manner as cescribed in (2-1). In the presence of glucose-6-phosphate 
and nieotiamidg adenine dinucleotide (NAD), NAD is reduced to NADH, with glucose-6-phosphate dehydrogenase 
(G6PDH), followed by colorimetric analysis of the produced NADH. 

8. Phosphomolybdate method 

[0095] There are two phosphomolybdate methods. One is a direct method wherein "Phosph'omolybdates (H 3 
[P0 4 M0 12 036])" prepared by complexlng Inorganic phosphorus (phosphate) andaqueous molybdate ionsunder acidic 
condition are directly quantified. The other is a reduction method wherein further to the above direct method, Mo(IV) . 
is reduced to Mo(lll) by a reducing agent and molybucenum blue (Mo(lil)) is quantified. Examples of the aqueous 
molybdate ions include aluminum mofybdate, cadmium moiybdate, calcium molybdate, barium molybdate, lithium mo- 
lybdate, potassium molybdate, sodium molybdate, and ammonium moiybdate! Representative examples of the reduc- 
ing agents to be used in the reduction method include 1 -amino-2-naphthol-4-sulfonic acid, ammonium ferrous sulfate, 
ferrous chloride, stannous chloride-hydrazine, p-methylaminophenoi sulfate, N.N-dimethyl-phenylenediamine, ascor- 
bic acid, and malachite green. 

[0096] When a light-transmissive and water-impervious support ts used, the dry analytical efement can be practically 
constructed as below. However, the scope of the present invention is not limitedto these. 

{1 ) One having a reagent layer on the support. 

(2) One having a detection layer and a reagent layer in that order on the support. ' 

(3) One having a detection layer, a light reflection layer, and a reagent layer in that order on the support 

(4) One having a second reagent layer, a light reflection layer, and a first reagent layer in that order on the support. 

(5) One having a detection layer, a second reagent layer, a light reflection layer, and a first reagent layer in that 
order on the support. 

[0097] In (1) to (3) above, the reagent layer may be constituted by a plurality of different layers. For example, a first 
reagent layer may contain enzyme pyrophosphatase which is required in the pyrophosphatase reaction represented 
by formula 2 or 3, and substrate xanthosine or .substrate inosine and enzyme PNP which are required in the PNP 
reaction, a second reagent layer may contain enzyme XOD which is required in the XOD reaction represented by 
formula 2 or 3, and a third reagent layer may contain enzyme POD which is required in the POD reaction represented 
by formula 2 or 3, and acoloring dye (dye precursor). Alternatively, two reagent layers are provided- On the first reagent 
layer, the pyrophosphatase reaction and the PNP reaction may be proceeded, and the XOD reaction and the POD 
reaction may be proceeded on the second reagentlayer. Alternatively, the pyrophosphatase reaction, the. PNP reaction 
and the XOD reaction may be proceeded on the first reagent layer, and the POD reaction may be proceeded on the 
second reagent layer. 

[0098] A water absorption layer may be provided between a support and a reagent layer or detection layer. A filter 
layer may be provided between each layer. A developing layer may be provided on the reagent layer and an adhesive 
layer may be provided therebetween. 

[0099] Any of llght-nontransmissive (opaque), light-semitransmissive (translucent), or light-transmissive (transpar- 
ent) support can be used. In general, a light-transmissive and water-impervious support is preferred. Preferable ma- 
terials for a light-transmissive and water-Impervious support are.polyethyleneterephthaiate or polystyrene. In order .to 
firmly adhere a hydrophilic layer, an undercoating layer is generally provided or hydrophilizatlon is carried out. 
[0100] When aporous layer is used as a reagent layer, the porous medium may beafibrous or nbnfibrous substance. 
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Fibrous substances used herein include, for example, filter paper, non-woven fabric, textile fabric (e.g. plain-woven 
fabric), knitted fabric (e.g., tricot knitted fabric), and glass fiber filter paper. Nonfibrous substances may be any c-f a 
membrane filter comprising cellulose acetate etc., described in Japanese Patent Publication Laying-Open No. 
49-53B88 and the like, or a particulate structure having mutually interconnected spaces comprising fine particles of 

* inorganic substances or organic substances described in, for example, Japanese Patent Pubtication Laying-Open No. 
49-53B88, Japanese Patent Publication Laying-Open No. 55-90859 (U.S. Patent. No. 4,258,001), and Japanese Patent 
Publication Laying-Open No. 58-70163 (U.S. Patent. No. 4 = 486,537). A partially-adhered laminate which comprises a 
plurality of porous layers described in, for example, Japanese Patent Publication Laying-Open No. 61-4959 (EP Pub- 
lication 01 66365A), Japanese Patent Publication Laying-Open No. 62-116258, Japanese Patent Publication. Laying- 

10 Open No. 62-138766 (EP Publication 0226465A), Japanese Patent Publication Laying-Open No. 62-1 3B757 (EP Pub- 
lication 0226465A), and Japanese Patent Publication Laying-Open No. 62-138758 (EP Publication 0226465A), is also 
preferred. 

[0101J A porous layer may be a developing layer having so-called measuring action, which spreads liquid in an area 
substantially in proportion to the amount of the liquid to be supplied. Preferably, a developing layer is. textile fabric, 

« knitted fabric, and the like. Textile fabrics and the like may be subjected to glow discharge treatment as described in 
Japanese Patent Publication Laying-Open No. 57-6S359. A developing layer may comprise hydrophilic polymers or 
surfactants as described in Japanese Patent Publication Laying-Open No. 60-222770 (EP 01 62301 A), Japanese Pat- 
ent Publication Laying-Open No. 63-21 9397 (German Publication DE 371791 3A), Japanese Patent Publication Laying- 
Open No. 63-112999 (DE3717913A), and Japanese Patent Publication Laying-Open No. 62-182652 (DE3717913A) 

so in order to regulate a developing area, a developing speed and the like, 

[0102] For example, a method is useful where the reagent of the present invention is previously impregnated into or 
coated on a porous membrane etc., comprising paper, fabric or polymer, followed by adhesion onto another water- 
pervious layer provided on a support (e.g., a detection layer) by the method as described in Japanese Patent Publication 
Laying-Open No. 55-1645356. 

& [0103] the thickness of the reagent layerthus prepared is not particularly limited. When it is provided as a coating 
layer, the thickness is suilabiy in the range of about 1 u, m to.50 um, preferably in the range of 2 u,m to 30 u.m. When 
the reagent layer is provided by a method other than coating, such as lamination, the thickness can be significantly 
varied in the range of several tens of to several hundred u.m. 

[0104] When .a reagent layer is constituted by a water^pervious layer of hydrophilic polymer binders, examples of 
_ so hydrophilic polymers which can be used include; gelatin and a derivative thereof (e.g., phthalated gelatin); a cellulose 
derivative (e.g., hydroxyethyl cellulose); agarose, sodium arginate; an acrylamide copolymer or a methacrylamide 
copolymer (e.g., a copolymer of acrylamide or methacrylamide and various vinyl monomers); polyhydroxyethyl-meth- 
acrylate; polyvinyl alcohol; polyvinyl pyrrolidone; sodium polyacrylate; and acopolymerof acrylic acid and various vinyl 
monomers. 

35 [0105] A reagent layer composed of hydrophilic polymer binders can be provided by coating an aqueous solution or 
water dispersion containing the reagent composition of the present invention and hydrophilic polymers on the support 
or another layer such as a detection layer followed by drying the coating in accordance with the methods described in 
the specifications of Japanese Patent Examined Publication No. 53-21677 (U.S. Patent No. 3,992,158), Japanese 
Patent Publication Laying-Open No. 55-164356 (U.S. Patent. Mo, 4,292,272), Japanese Patent Publication Laying- 

40 Open No. 54-101398 (U.S. Patent. No. 4,132,528) and the like. The thickness of the reagent layer comprising hy- 
drophilic polymers as binders is about 2 u.m to about 50 u,m, preferably about 4 u, m to about 30 union a dry basis, 
and the coverage is about 2 g/m 2 lo about 50 g/m e , preferably about 4 g/m 2 to about 30 g/m 2 
[0106] The reagent layer can further comprise an enzyme activator, a coenzyme, a surfactant, a pH buffer compo- 
sition, an impalpable powder, an antioxidant, and various additives conprising organic or inorganic substances in 

45 addition to the reagent composition represented by formula 2 or 3 in order to improve coating properties and other 
various properties of diffusible compounds such as diffusibility, reactivity, and storage properties. Examples of buffers 
which can be contained in the reagent layer include pH buffer systems described in "Kagaku Binran Kiso (Handbook 
on Chemistry, Basic)," The Chemical Society of Japan (ed.), Maruzen Co., Ltd. (1996), p,1312-1320, "Data for Bio- . 
chemical Research, Second Edition, R. M. C. Dawson et al. (2 nd ed.), Oxford, at the Clarendon Press (1969), p. 

so 476-508, "Biochemistry" 5, p. 437-477 (1966), and "Analytical Biochemistry" 104, p. 300-310 (1980). Specific exam- 
ples of pH buffer systems include a buffer containing borate; a buffer containing citric acid or citrate; a buffer containing 
glycine, a buffer containing bicine; a buffer containing HEPES; and Good's buffers such as a buffer containing MES. 
A buffer containing phosphate cannot be used for a dry analytical element for detecting pyrophosphoric acid. 
[0107] The dry analytical element for quantifying pyrophosphoric acid which can be used in the present invention 

55 can be prepared in accordance with a known method disclosed in the above-described various patent specifications. 
The dry analytical element for quantifying pyrophosphoric acid is cut into small fragments, such as, an about 5 mm to 
about 30 mm-square or a circle having substantially the same size, accommodated in the slide frame described in, for 
example, Japanese Patent Examined Publication No. 57-283331 (U.S. Patent. No. 4,169,751), Japanese Utility Model 
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Publication Laying-Open No. 56-142454 (U.S. Patent. No. 4,387,990), Japanese Patent Publication Laying-Open No. 
57-63452, Japanese Utility Model Publication Laying-Open No. 58-32350, and Japanese Patent Publication Laying- 
Open No. 58-501144 (International Publication WO 083/00391), and used as slides for chemical anaiysis. This is 
preferable from the viewpoints of production, packaging, transportation, storage, measuring operation, and the like. 
Depending on its intended use, the analytical element can be accommodated as a long tape In a cassette or magazine, 
as small pieces accommodated in a container having an opening, as smail pieces applied onto or accommodated irt 
an open card, or as small pieces cul to be used in that state. 

[0108] The dry analytical element for quantifying pyrophosphoric acid which can be used in the present invention 
can quantitatively detect pyrophosphoric acid Which is a test substance ir a liquid sample, by operations similar to that 
described in the above-described patent specifications and the like. For example, about 2 p. L to about 30 u. L, preferably 
4 u. L to 15 u. L of aqueous liquid sample solution is spotted on the reagent layer. The spotted analytical element is 
incubated at constant temperature of about 20° C to about 45'C; preferably about 30°C to about 40°C for 1 fp 10 
minutes. Coloring or discoloration in the analytical element is measured by the reftection from the light-transmissive 
support side, and the amount of pyrophosphoric acid in the specimen can be determined based on the principle of 
colorimetry using the previously prepared calibration curve. Quantitative anaiysis can be carried out with high accuracy 
by keeping the amount of liquid sample to be spotted, the incubation time, and the temperate at constant levels.. 
[0109] Quantitative analysis can be carried out with high accuracy in a very simple operation using chemical analyzers 
described in, for example, Japanese Patent Publication Laying-Open No. 60-125543, Japanese Patent Publication 
Laying-Open No. 60-220862, Japanese Patent Publication Laying Open No. 61 -294367, and Japanese Patent Publi- 
cation Laying-Open No. 58-161867 (U.S. 'Patent. No.4.424,191). Semiquantitative measurement may be carried out 
by visually judging the level of coloring depending on the purpose and accuracy needed. 

[01.10] Since the dry analytical elementforquantifying pyrophosphoric acid which can be used in the presentinvention 
is stored and kept in a dry state before analysis, it is not necessary that a reagent is prepared for each use, and stability 
of the reagent is generally higher in a dry state. Thus, in terms of simplicity and swiftness, it is better than a so-called 
wet process, which requires the preparation of the reagent solution for each use. It is also excellent as an examination 
method because highly accurate examination can be swiftly carried out with a very small amount of liquid sample. 
[011 1] The dry analytical element for quantifying inorganic phosphorus which can be used in the second.aspect of 
the present invention can be prepared by removing pyrophospnatase from the reagent layer in the aforementioned dry 
analytical elementfor quantifying pyrophosphoric acid. The dry analytical element described in Japanese Patent Pub- 
lication Laying-Open No. 7-197 can also be used. The dry analytical element for quantifying inorganic phosphorus is 
similar to the aforementioned dry analytical elementforquantifying pyrophosphoric acid in its layer construction, method 
of production, and method of application! with the exception that :he reagent layer does not comprise pyrophosphatase. 
(H) Kit: The analysis of the target nucleic acid according to the present invention can be analyzed using a kit comprising 
at least one primer complementary with a part of the target nucleic acid fragment to be analyzed, at least one deoxy- 
nucleoside triphosphate (dNTP), at least one polymerase, and a dry analytical elementfor quantifying pyrophosphoric 
acid. 

[0112] The form of the kit may be a cartridge comprising: an opening capable of supplying a liquid containing the 
target nucleic acid fragment, at least apart of its nucleotide sequence being known; at least one primer complementary 
with a part of the target nucleic acid fragment; at least one deoxynucleoside triphosphate (dNTP), at leastone reaction 
cell Unit capable of retaining at least one polymerase; a detection unit capable of retaining a dry analytical elementfor 
quantifying pyrophosphoric acid; and a canaliculus or groove capable of connecting the opening, the reaction cell unit, 
and the detection unit and transferring liquid among them. 

[0113] The cartridge disclosed in U.S. Patent No. 5,919,711 and the like can be used as such a cartridge. An em- 
bodiment of a kit according to the present invention in the form of a cartridge was shown in Fig. 4. In kit 1 0, a sample 
liquid containing the target nucleic acid can be supplied from opening 31 . Opening 31 is connected to reaction cell 32 
through canaliculus 41 . Reaction cell 32 maintains in advance at least one primer 81 complementary with a part of the ' 
target nucleic acid fragment, at least one deoxynucleosice triphosphate (dNTP) 82, and at least one polymerase 83. 
Reaction cell 32 is f urther connected to detection unit33through canaliculus 42. Detection unit 33 maintains in advance 
dry analytical element 51. The sample solution, in which polymerase elongation reaction has proceeded in reaction 
cell 32, is transferred through canaliculus 42, supplied on dry analytical element 51 forquantifying pyrophosphoric acid 
in detection unit 33, and detects pyrophosphoric acid generated by polymerase elongation reaction, In kit 10, liquid 
transference between opening31 and reaction cell 32 and between reaction cell 32 and detection unit 33 can be carried 
out by centrifuge force,' electrophoresis, electroosmosis ; orthe like. Preferably, reaction cell 32, canaliculuses 41 and 
42, and detection unit 33 are hermetically sealed with base body 21 and lid 22. 

[0114] When kit 10 in the form of cartridge as shown in Fig. 4 is used, as shown in Fig. 5, an apparatus which 
comprises temperature control units 61 and 62 of reaction ceii 32 and detection unit 33 and detection units 71 and 72 
capable of detecting coloring or color change in dry analytica; element 51 for quantifying pyrophosphoric acid by re- 
flection light, is preferably used in combination. 
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[0115] The kit in the form of cartridge which can be used in the present invention is not limited to those shown in Fig. 
4. Reagents required in polymerase elongation reaction may be respectively retained in separate spaces. In that case, 
each reagent may be transferred to a reaction cell at the time of reaction. There may be a plurality of reaction cells. 
[0116] When pyrophosphoric acid generated in polymerase elongation reaction is detected by enzymatically con- 
verting pyrophosphoric acid into inorganic phosphoric acid, followed by the use of dry analytical elementfor quantifying 
inorganic phosphorus, at least one primer complementary with a part of the target nucleic acid fragment, at least one 
deoxynucleoside triphosphate (dNTP), and at least one polymerase are previously retained in the first reaction cell, 
and polymerase elongation reaction is carried out in the first reaction cell. Subsequently, the reaction solution generated 
in the first reaction celt is transferred to' the second reaction cell, which is connected to the first reaction cell through a 
canaliculus and already holding pyrophosphatase, pyrophosphoric acid generated in polymerase elongation reaction 
in the first reaction cell is converted into inorganic phosphoric add In the second reaction cell. The reaction solution in 
the second reaction cell is then transferred to t.he detection unit, wh icfi is connected to the second reaction cell through 
a canaliculus and previously retains a dry analyticaf element for quantifying inorganic phosphorus, thereby detecting 
inorganic phosphorus. 

[0117] A set of "opening - canaiiculus - reaction cell - canaliculus - detection unit" is arranged tn parallel on one 
cartridge, or plural sets thereof can be arranged in concentric circles in the radius direction. In this case, for example, 
the nucleotide sequence of at feast one primer complementary with a part of the target nucleic acid fragment retained 
in the reaction celt can be modified in accordance with the type of the targeted nucleic acid to provide a kit capable of 
simultaneously detecting a plurality of target nucleic acids. 

(4) Analytical apparatus of the present invention 

[01 18] Further, the present invention provides an analytical apparatus for conducting nucleic acid analyses as de- 
scribed ahove. The analytical apparatus comprises: 

(1 ) means for extracting and purifying a nucleic acid, which contains the unit for isolation and purification of nucleic 
acid described above In the present specification; 

(2) reaction means for conducting polymerase elongation reaction; and 

(3) means for detecting whether polymerase elongation reaction proceeds, or whether the polymerase elongation 
reaction product hybridizes with other nucleic acids. 

[01 19] The means for extracting and purifying a nucleic acid comprises the unit for isolation and purification of nucleic 
acid as described hereinabove, and further comprises a space for setting a sample liquid, a space for setting the unit 
for isolation and purification of nucleic acid, means for incubating the sample at a constant temperature (e.g., 37°C), 
and means for sucking and discharging the sample liquid or treated iquid. 

[0120] The reaction means for conducting polymerase elongation reaction is means which allows nucleic acid syn- 
thesis reactions such as PCRto be conducted, and it is generally composed of a reaction containerfor conducting the. . 
reaction and dispensing means for adding reagents necessary for the reaction into the reaction container. In addition, 
it may have temperature adjusting means (e.g., a thermal cycler or an incubator) for adjusting" the temperature inside 
the reaction container. By the dispensing means, a nucleic acid fragment comprising a target nucleic acid fragment, 
which is purified by the unit for isolation and purification ot nucleic acid, at east one primer complementary to a portion 
of the targel nucleic acid fragment, at least one deoxynucleoside triphosphate, and at least one polymerase, are added 
to the reaction container, and polymerase elongation reaction is performed with using the target nucleic acid fragment 
as a template and using the primer 3' terminal as an initiation site. 

[0121] As the means for detecting whether polymerase elongation reaction proceeds, a dry analytical element for 
quantitative assay of pyrophosphoric acid or a dry analytical element for quantitative assay of inorganic phosphorus, 
as described hereinabove, can be used. Further to these, means for incubatingthe.dry analytical element at aconsfant 
temperature and a reflection photometer for measuring the coloring of the dry analytical element can also be provided. 
Furthermore, as meansfor detecting whethera polymerase elongation reaction product is hybridized with other nucleic 
acid, any means which can commonly be used forthe detection of presence or absence of hybridization can be utilized. 
[0122] The analytical apparatus {particularly in the case of using analytical element for quantitative assay of pyro- 
phosphoric acid) of the present invention can use ail of (or some, of) the nucleic acid aqueous solution which has been 
isolated and purified forthe following process of polymerase elongation reaction, and thereafter can use allot (or some 
of) the reaction solution after polymerase elongation reaction forthe following detection process by the analytical ele- . 
ment for quantitative assay of pyrophosphoric acid (that is, the reaction solution after polymerase elongation reaction 
can be dispensed as a spot on an analytical elemenl for quantitative assay of pyrophosphoric add), and therefore the ■ 
apparatus is very suitable for system automation. 

[0123] The present invention will hereinafter be described in detail by Examples, but the present invention is not 
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limited to these Examples. 

Examples 

Example 1 

(1) Preparation of a container for unit for isolation and pjrificatiDn Df nucleic acid 

[0124] A container for a unit for isolation and purification of nucleic acid, which has with a portion for containing a 
solid phase for nueleloaoid adsorption having an inner diameter of 7 mm and a thickness of 2 mm, was made of high- 
impact polystyrene . < 

(2) Preparation of nucleic acid purification solid phases and unit for isolation and purification of nucleic acid s 

[0125] As shown in Table 1 , nucleic acid purification solid phases and comparative solid phases were prepared. For 
surface-saponification, materials to be surface-saponified were soaked in 0.02 N to 2 N sodium hydroxide aqueous 
solution for 20 minutes. Thesurface saponification ratio are varied depending on the concentration of sodium hydroxide. 
These solid phases were each contained into the solid phase accommodation portion of the container for unit for 
isolation and purification of nucleic acid in an amount as indicated in Table 1 , thereby preparing a unit for isolation and 
purification of nucleic acid. 



Table 1 



Properties of prepared solid phases. ■ 


Solid phase 


Material . 


Surface saponification ratio 


No. of solid phases or shape 


Solid phase A 


Micro-filter FM500* 


0% 


1 piece. 


Solid phase B 


Surface-saponified solid phase A 


5% 


1 piece 


Solid phase C 


Surface-saponified solid phase A 


10% 


1 piece 


Solid phase D 


Surface-saponified solid phase A 


50% 


1 piece 


Solid phase E- 


Surfacensaponified solid phase A 


100% 


1 piece 


Solid phase F 


Cellulose triacetate base** 


0% 


0.5 mm § of chip 


Solid phase <|. 


Surface-saponified solid phase F 


80% 


0.5 mm (f> of chip 


Solid phase H 


polyethylene beads*" coated with 
cellulose triacetate 


0% 


0.3 mm <(» of beads 


Solid phase I . 


Surface-saponified solid phase H 


70% 


0.3 mm 4> of beads 



: porouE cellulose triacetate membrane manufactured by Fuji Photo Fha Co., Lid. 
T* uHiilnsp. triacetate base manufactured by Fuji Photo Film Co, Ltd. 
"* manufactured by Kaneka Corporation 



(3) Preparation of a buffer solution for nucleic acid adsorption and a washing buffer solution 

[0126] A buffer solution for nucleic acid adsorption and a washing buffer solution were prepared according to the 
formulation indicated in Table 2. 
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Table 2 

Formulation of adsorption buffer solution for nucleic acid purification and washing 
buffer solution 



1. Buffer solution for purifying nucleic acids 



Component 


Amount 


guaaidino hjdrochloridc (Life Technologies, Inc.) 


382 g 


Tris CLifc Technologies, Inc.) 


12.1 * 


Triton-XlOO (ICN) 


10 g 


Twice Distilled water 


1000 ml 



2. Buffer solution for washing nucleic acids 

Component . 

10 mM TYis-HCl 70% ethanol 



(4) Procedures for purifying nucleic acids 

[01271 200 H 1 of human whole blood was collected using a vacuum blood collecting tube. To this, 200 p.1 of buffer 
ss solution for nucleic acid adsorption prepared as indicated in Table 2 and 20 uJ of protease K were added, and the 
mixture was incubated for 10 minutes at 60"C. After incubation, 200 uJ of ethanol was added and the mixture was 
stirred. After stirring, a tip of disposable pipette connected to one opening of a unit for isolation and purification of 
nucleic acid prepared in Process (1) was inserted into the whole blood sample as treated above, and the sample 
solution was sucked and discharged using an injector connected to the other opening of the unit for isolation and 
30 purification of nucleic acid. 

[0128] Immediately after discharging, the pipette tip was inserted into 1 ml of the buffer solution for washing nucleic 
acids, and the solu'tJonwas sucked and discharged to wash the inside of the unit for isolation and purification of nucleic 
acid. After washing, the pipette tip was inserted into 200ul of purified distilled water, and the distilled waterwas sucked 
and discharged. Then, the discharged solution was collected. 

35 , -. 

(5) Quantitative determination of nucleic acid yield, and purity determination thereof 

[0129] The absorbance of the collected discharged solution was measured to quantify the yield and purity of nucleic 
acids. The yield was quantified by measuring the absorbance at a wavelength of 260 nm, and the purity of nucleic 
■*o acids was determined based on the ratio between the absorbance at 260 nm and at 280 nm. A ratio of 1 .8 or more 
indicates good purity. The results are shown in Table 3. From these results, when the surface saponification ratio was 
5% or more, DNA yield was good and the purity was high. 



45 


Used solid phas 


es, and yield and purity of nucleic acid 










Solid phase 


Material : 


Surface 

saponification 

ratio 


No. of. solid 
phases or shape 


Yield of nucleic 
acid(u.g). 


A260/A280 


50 


Solid phase A 


Microliter 
FM500* 


0% 


1 piece 


0.1 


not measurable 


55 


Solid phase B 


Surface- 
saponified solid 
phase A 


5% 


1 piece 


1.2 


1.814 



* porous cellulose triacetate membrane manufactured by Fuji Photo Film Co., Ltd. 
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Table 3 (continued) 





Used solid phas 


es, and yield and purity of nucleic acid 








5 


Solid phase 


Material 


Surface 

saponification 

ratio 


No. of solid 
phases or-shapfr 


Yield of nucleic 
acidfjig) 


A260/A280 


'ic 


Solid phase C 


Surface- 
. saponified solid 
phase A 


• 10% 


1 piece 


11,2 


1.953 




Solid phase D . 


Surface- 
saponified solid 
phase A 


50% 


1 piece 


16.5 


1.832 


15 


Soiid phase E 


Surface- 
saponified solid 
phase A 


100% 


1 piece 


14.5 


1.905 


20 


Solid phase F 


Celfulose 
triacetate 
base" 


0% 


0.5 mm $ of chip 


0 


not measurable 




Solid phase G 


Surface- 
saponified solid 


80% 


C.5mm<)>-i-ofchip 


; ' S.8 


1.898 


25 


Solid phase H 


Polyethylene 
beads*** coated 
with cellulose 
triacetate 


0% 


C.3 mm ^ 4- cf 
beads 




not measurable 


30 


Solid phase I 


Surface- 
saponified solid 
phase H 


70% 

=uji Photo Film Co.. Ltd. 


0.3 mm <]> of beads 


7.2 


1 ,803 



' Kanaka Corporation 



Examples: Purification of nucleic acid from whole blood sample using 1 00% surface-saponified porous cellulose 
triacetate membrane 

[0130] As a solid phase for adsorbing nucleic acids, 100% surface-saponified porous celiulosetriacetate membrane 
(Fuji Photo Film Co., Ltd.)(solid phase E of Example 1 ) was used, and nucleic acids were purified from a whole blood 
sample In the same manner as Example 1. The ODs were measured on the whole blood sample before purification 
(OD was measured after 5-tlme dilution) and after purification. The results are shown in Fig. 6. From the results of Fig. 
6, it is understood that components otherthan nucleic acids were completely removed by the Isolation and purification 
method of the present invention. . 

Example 3: Amplification of nucleic acid 

[0131] The nucleic adds which were purified in Example 2 were amplified with polymerase chain reaction. As a 
positive control, Human DNA manufactured by CLONTECH was used. The reaction solutions for PCR were purified 
water (36.5 1 0xPCR buffer (5u.l), 2.5mM of dNTP (4uJ) , Taq FP (0.5'u.l), primers (2|il), and sample (nucleic acid) (2uj) 
[0132] In PCR, 30 cycles of denaturation; 94°C lor 30 seconds, annealing: 65°C for 30 seconds, and elongation 
reaction:72°C for 1 minute were repeated. The foJiowing primers were used. 

. 1) pS3 exon 6 



Forward: GC GCTGCTC A GATAGCGATG 
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Reverse; GQAGGGCCAC TGACAACCA 



2)p53exonia 

Forward: GATCCGTCAT AAAGTCAAAC (SEQ ID NO: 1) 



Reverse: GGATGAGAAT GGAATCCTAT (SEQ ID No: 2) 

3) ABO type gene exon 6 



Forward: CACCTGCAGA TGTGGGTGGC ACCCTGCCA (SEQ ID NO: 3) 



Revexsc; GTGGAATTCA CTCGCCACTG CCTGGGTCTC (SEQ ID NO: 4) 
4) ABO type gene exon 7 



Forward: GTGGCTTTCC TGAAGCTGTT C (SEQ ID NO: 5) 



Reverse: GATGCCGTTG GCCTGGTCGA C (SEQ ID No: 6) 



[0133] Fig. 7 shows the results of electrophoresis of the reaction products of PCR. 100 bp marker (INVITROGEN) 
was used. From the results of Fig. 7, It Is confirmed that desired nucleic acids can be amplified by PCR using nucleic 
acids which were isolated and purified by the method of the present invention. 

Example 4: Detection of Pseudomonas syringae in human whole blood by nucleic acid extraction/amplification (PCR) 
/detection (dry analytical element for quantitative assay of pyrophosphoric acid) (model experiment of an examination 
of pseudomonas sepsis) 

(1 ) Preparation of human whole blood to which Pseudomonas syringae is added 

[0134] Pseudomonas syr//)p;ae was cultured overnight in LB medium (Luria-Bertani medium), and the culture solution 
was diluted with PBS so as to prepare solutions having different concentrations. These solutions were added to human 
whole blood which was prepared by EDTA blood collection, to prepare 6 samples of human whole blood having cell 
numbers of 0, 5x 10 s , 5x10 s , 2.5x10 s , 5x1 0 7 , 1x10 s per 1 mL respectively. The numbers of cells were assessed 
using a spectrophotometer. 

(2) Preparation of dry analytical element for quantitative assay of pyrophosphoric acid 

[01 35] An aqueous solution having a composition (a) as described in Table 4 was applied onto a smooth film sheet 
.(a support) made of colorless transparent polyethylene terephthalate (PET) having a thickness of 1 80 urn, which was 
provided with a gelatin under-coating- The application was conducted so that after drying, a reagent layer with Ihe 
following respective components was obtained. 
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Table 4 



Composition (a) of aqueous solution for reagent layer 


Gelatin , . 


18.8 g/m 2 


p-Nonyfphenoxy polyxydol {containing 1 0 glycidol units on average) (C^H 19 -Ph-0-(CH2CH(OH) 


1.5 g/m 2 


-CH 2 O) 10 H) - 


Xanthosine 


1.96 g/m 2 


Peroxidase 


15000 IU/m 2 


Xanthine oxidase 


13600 iU/m 2 


Purine nucleoside phosphorylase 


3400 IU/m2 


Leuco pigment C2-(3,5-dimethoxy-4-hydro)cyphenyl)^phenethyl-5-(4-dimethylarnrriophenyl) 

imtdazol) ■ 

Water (Adjusted to have a pH of 6.8 with a dilute MaOH solution) 


0.2B g/m 2 


136 g/m 2 



[0136] An adhesive layer aqueous solution having composition (b) as described in Table 5 was applied onto this 
reagent layer in such a way that after drying, an adhesive layerwith the following respective components was obtained, 

' • Table5 



Composition (b) of aqueous solution for adhesive layer 






Gelatin 

p-Nonylphenoxy polyxydol (containing 10 glycidol units o 

G) 10 H) 

Water 


n average) {CgH 19 -Ph-0-(CH 2 CH(OH)<;H £ - 


3.1 g/m 2 
0-25 g/m 2 




59 g/m 2 



[0137] Next, a porous developing layerwas provided bysupplying water overthe entire surface of the adhesive layer 
at a rate of 30 g/m 2 to swell the gelatin layer, followed by laminating a broad fabric of pure polyester by uniformly and 
slightly pressing the fabric onto the adhesive layer. 

[0138] Then ,'"an aqueous solution having composition (c) as described in Table 6 was approximately evenly applied 
over this developing layer in such a way lhatthe spreading developing layer with the following respective components 
was obtained. After drying and cutting into pieces having a size of 13 mm x 14 mm, the pieces were placed into a 
plastic mount material thereby to prepare a dry analytical element for quantitative assay of pyrophosphate. 



Table 6 



Composition (c) of aqueous solution for developing layer 


HEPES 


2.3 g/m 2 


Sucrose 


5.0 g/m 2 


Hydroxypropylmethyl Cellulose 


0.04 g/m 2 


(containing 19% to 24% of methoxy group and 4% to 12% of hydroxy'propoxy group) 


Pyrophosphatase 


14000 III/ m 2 


Water 


98.6 g/m 2 


(Adjusted to have a pH of 7.2 with a dilute NaOH solution) 





(3) Extraction and purification of nucleic acid from human whole blood 

[0139] Using 6 samples of human whole blood prepared by adding Pssudomonas syringae which was prepared in 
Process (1), nucleic acids were extracted and purified from each sample in the same manner as described in Example 
2, thereby obtaining nucleic acid solutions. The nucleic acid amounts (estimated amount by a spectrophotometer) 
obtained from the 6 samples of human whole blood were 20 to 30 ng/jxl. These obtained nucleic acid aqueous solutions 
were mixed aqueous solutions of human genome nucleic acids and the. added Pseudomonas genome nucleic acids, 
and the most portions are human nucleic acids. 

(4) PCR amplification 



[0140] Using nucleic acid aqueous solutions obtained by extraction and purification from the 6 samples ol human 
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whole blood in Process (3), PGR amplification was performed under the following conditions. 
<primer> 

[0141] A set of primers having the -following sequences specific (ice nucleation protein (InaK) N-terminal) to Pseu- 
domonas genome nucleic acid were used. 

primer (upper) ; 

[0142] 

5 ' -GCG ATGCTGTAATGACTCTCGACAAGC- 3 ' (SEQ ID NO: 7) 



primer (lower) ; 
[0143] 

5' •GGTCTGCAAATTCTGCGGCGTCGTC-3 ' (SEQ ID NO: 8) 



[0144] 30cyclesof denaturation:94°C fori minute, annealingSS'Cforl minute, and polymerase elongation reaction: 
72°C for 1 minute were repeated by using a reaction solution having the following composition to perform PCR ampli- 
fication; 



decomposition of reactjon soiution> 


1 0X PCR buffer 




5(iL 


2.5 mM dNTP 




4uL 


20 jiM primer (upper) 






20fiM primer (lower) 




1|iL- 


Pyrobest 




0.25|iL 


Nucleic acid sample solution obtaine 


d in process (3) 




Purified water 




33.75y.L 



(5) Detection using analytical element for quantitative assay of pyrophosphoric acid 

[0145] 20 ul of each solution obtained after PCR amplification reaction in Process (4) was spotted onto a dry analytical 
element for quantitative assay of pyrophosphoric acid prepared in Process (2), Then, the dry analytical element for 
quantitative assay Df pyrophosphoric acid was incubated for 5 minutes at 37"C, and the optical density of reflecting 
light (OD R ) was measured at a wavelength of 650 nm from the support side. The results are shown In Figs. 8 and 9. 
[0146] From the result of Example 4, it is understood that the optical density of reflecting light (OD R ) corresponding 
to the amount ot Pseudomonas syringae present in human whole blood can be obtained by performing PCR with using 
a nucleic acid sample solution containing a target nucleic acid fragment which was obtained from human whole blood 
containing Pseudomonas syringae by the method for isolation and purif cation of nucleic acid according to the present 
invention and using a set of primers having a sequence specific to Pseudomonas genome nucleic acid; and using the 
solution obtained by the PCR amplification to measure the produced pyrophosphoric acid in terms of the optical density 
of reflecting light (OD H ) with a dry analytical element for quantitative assay of pyrophosphoric acid. 

INDUSTRIAL APPLICABILITY 

[0147] It is possible to isolate nucleic acids with a high purity from a sample solution containing nucleic acids by the 
method for isolation and purification of nucleic acid according to the present invention which uses asolid phase which 
has excellent isolation performance, goad washing efficiency, easy workability, and can be mass produced with sub- 
stantially identical isolation performance. Further the use of the unit for isolation and purification of nucleic acid of the 
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present Invention enables easy operation. 

s ■ SEQUENCE LISTING " 

<110> Fuji Photo Film Co. Ltd., 

<120> A method for the separation and purification of nucleic acid 
10 <1S0> FA2168A/US 

<160> 8 

15 <210> 1 

<2I1> 20 

<212> DNA 
so <213> Artificial DNA 

<400> 1 

gatccgteat aaagtcaaac '20 

25 

<210> 2 
<211> 20 
so <212> DNA 

<213> Artificial DNA 
<4C0> 2 

35 ggatgagaat ggaatcctat 20 

<210> 3 
40 <211> 29 

<212> DNA 

<213> Artificial DNA 
45 <400> 3 

cacctgcaga tgtgggtggc accctgcca 29 

<210> 4 
<211> 30 
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<212> DNA 

<213> Artificial DNA 
<400> 4 

gtggaattca ctcgccactg cctgggtctc 

<210> 5 
<211> 21 
<212> DNA 

<213> Artificial DNA 
<400> 5 

gtggctttcc tgaagctgtt c 



<210> 6 
<211> 21 
<212> DNA 

<213> Artificial DNA 
<400> 6 

gatgccgttg gcctggtcga e 

<210> 7 
<211> 27 
<212> DNA 

<213> Artificial DNA 
<400> 7 

gcgatgctgt aatgactctc gacaagc 



<210> 8 
<211> 25 
<212> DNA 
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<213> Artificial DNA 
<400> 8 

ggtctgcaaa ttctgcggcg. tcgtc 
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Claims 

1. A method for isolating and purifying a nucleic acid, comprising the step of: 

adsorbing a nucleic acid onto a solid phase composed of an organic high polymer having a hydroxide group 
on a surface thereof, and desorbing the nucleic acid from the solid phase. 

2. The method for isolating and purifying a nucleic acid according to claim 1 , wherein the organic high polymer having 
a hydroxide group on a surface thereof is surface-saponified cellulose acetate. 

3. The method for isolating and purifying a nucleic acid according to claim 1 .wherein the organic high polymer having 
a hydroxide group on a surface thereof is surface-saponified cellulose triacetate. 

4. The method for isolating and purifying a nucleic acid according to claim 2, wherein the surface saponification rate 
of cellulose acetate is 5 % or more. 

5. The method for isolating and purifying a nucleic acid according to claim 2, wherein the surface saponification rate 
of cellulose acetate is 10 % or more. 

6. The methodfor isolating and purifying a nucleic acid according to claim 2, wherein the cellulose acetate is a porous 
membrane. 

7. The method for isolating and purifying a nucleicacid according to claim 2, wherein the cellulose acetate is a non- 
porous membrane. 

8. The method for isolating and purifying a nucleic acid according to claim 2, wherein the cellulose acetate is coated 
on beads. 

9. The method for isolating and purifying a nucleic acid according to claim 1 , wherein the nucleic acid in a sample 
solution is adsorbed onto the solid phase comprising an organic high polymer having a hydroxide group on a 
surface thereof, andjs desorbed from the solid phase. 

10. The method for isolating and purifying a nucleic acid according to claim 9, wherein the sample solution is prepared 
by adding an aqueous organic solvent to a solution obtained by treating a sample containing a ceil or a virus with 
a nucleic acid solubilization reagent. 

11 . The method for isolating and purifying a nucleic acid according to claim 1 0, wherein the nucleic acid solubilization 
reagent comprises a guanjdine salt, a surfactant, and a-protease. 

12. The method for isolating and purifying a nucleic acid according to claim 1, comprising the steps of: 

adsorbing the nucleic acid onto the solid phase composed of an organic high polymer having a hydroxide 
group on a surface thoreof; 

washing the solid phase with a nucleic acid washing buffer; and 

desorbing the nucleic acid from the solid phase by using a solution capable of desorbing the nucleic acid from 
the solid phase. 

13. The methodfor isolating and purifying a nucleic acid according to claim 1 2. wherein the nucleic acid washing buffer 
contains methanol, ethanol, isopropanol or n-propanol in an amount of 20 to 100 % by weight. 

14. The method for isolating and purifying a nucleic acid according to claim 12, wherein the solution capable ot des- 
orbing the nucleic acid from the solid phase has a salt concentration of 0.5 M or less. 

15. The method for isolating and purifying a nucleic acid according to claim 1 , wherein adsorption and desorptlon of 
the nucleic acid is performed by use of a unit for isolation and purification of nucleic acid comprising a container 
which has at least two openings and contains the solid phase composed of an organic high polymer having a 
hydroxide group on a surface thereof. 
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16. The method for isolating and purifying a nucleic acid according to claim 1 , wherein adsorption and resorption of 
the nucleic acid is performed by use of a un ft for isolation and purification of nucleic acid comprising: 

(a) a solid phase composed of an organic high polymer having a hydroxide group on a surface thereof; 

(b) a container having at least two openings and containing the solid phase; and 
fc) a differential pressure generator connected to one opening of the container. 

17. The method for isolating and purifying a nucleic acid according to claim 16, comprising the steps of: 

(a) preparing a sample solution containing nucleic acids by use of a sample, and inserting one opening of the 
unit for isolation and purification of nucleic acid into the sample solution containing nucleic acids; 

(b) creating a reduced pressure condition in a container by a differential pressure generator connected to 
another opening of the unitfor isolation and purification of nucleic acid, sucking the sample solution containing 
nucleic .acids, and allowing the sample solution to come into contact with a solid phase composed of organic 
high polymers having a hydroxy! group on a surface thereof; 

(c) creating an increased pressure condition in the container by the differential pressure generator connected 
to said another opening of the unit for isolation and purification of nucleic acid, and discharging the sucked 
sample solution containing nucleic acids out of the -container; 

(d) inserting said one opening of the unit for isolation and purification of nucleic acid into a nucleic acid washing 
buffer solution; 

(e) creating a reduced pressure condition in the container by the differential pressure generator connected to 
said another opening of the unit for isolation and purification of nucleic acid, sucking the nucleic acid washing 
buffer solution, and allowing the buffer solution to come into contact with the solid phase composed of organic 
high polymers having a hydroxyl group on a surface thereof; 

(f) creating an increased pressure condition in the container by the differential pressure generator connected 
to said another opening of the unit for isolation and purification of nucleic acid, and discharging the sucked 

■ nucleic acid washing butter solution out of the conlainer; 

(g) inserting the one opening of the unit for isolation and purification of nucleic acid into a solution capable of 
desorbing nucleic acids from the solid phase composed of organic high polymers having a hydroxyl group on 
a surface thereof; 

(h) creating a reduced pressure condition in the container by the differential pressure generator connected to 
■ said another opening of the unit for.isalation and purification of nucieic acid, sucKing the solution capable of 

desorbing nucleic acids from the solid phase composed of an organic high polymer having a hydroxyl group 
on a surface thereof, and allowing the solution to come into contact with the solid phase; and 

(i) creating a increased pressure condition in Ihe container by the differential pressure generator connected 
to said another opening of the unitfor isolation and purification of nucleic acid, and discharging out of the 
container the solution capable of desorbing nucleic acids from the solid phase composed of organic high 
polymers having a hydroxy! group on a surface thereof . 

18. The method for isolating and purifying a nucleic acid according to claim 16, comprising trie steps of: 

(a) preparing a sample solution containing nucleic acids from a sample, and injecting the sample solution 
containing nudeic acids in one opening of a unit for isolation and purification of nucleic acid; 

(b) creating a increased pressure condition in the container by a. differential pressure generator connected to 
said one opening of the unit for isolation and purification of nucleic acid, discharging the injected sample 
solution containing nucleic acids out of another opening, and thereby allowing the sample solution to come 
into contact with a solid phase composed of organic high polymers having a hydroxyl group on a surface 

' thereof; 

{c) injecting a nucleic acid washing buffer in said one opening of the unit for isolation and purification of nucleic 
acid; 

(d) creating an increase pressure condition In the container by the differential pressure generator connected 
to said one opening of the unit for isolation and purification of nucleic acid, discharging the injected nucleic 
acid washing buffer out of said another opening, and thereby alfowing the buffer to come into contact with the 
solid phase composed of organic high polymers having a hydroxyl group on a.surface thereof; 

(e) injecting a solution capable of desorbing nucleic acids from the solid phase composed of organic high 
polymers having a hydroxyl group on a surface thereof in the one opening ofthe unitforisolation and purification 
of nucleic acid; • 

(f) creating an increased pressure condition in the container by the differential pressure generator connected 
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to said one opening of the unit for isolation and purification of nucleic acid, discharging the injected solution 
capable of desorbing nucleic acids out of said arother opening, and thereby desorbing nucleic acids from the 
. solid phase composed of an organic high polymer having a hydroxyl group on a surface thereof and discharging 
the desorbed nucleic acids out of the container. 

19. A unit for isolation and purification of nucleic acid comprising a container which has at least two openings and 
contains a solid phase composed of an organic high polymer having a hydroxyl group on a surface thereof. 

20. A unit for isolation and purification of nucleic acid comprising: 

(a) a solid phase composed of an organic high polymer having a hydroxyl group on a surface thereof; 

(b) a container having at least two openings and containing the solid phase; and 

(c) a differential pressure gQnerator connected to one opening of the container. 

21 . The unit for isolation and purification of nucleic acid according to claim 20, wherein the differential pressure gen- 
erator is detachably connected to one opening of the container. 

22. The unit for isolation and purification of nucleic acid according to claim 20, wherein the differential pressure gen- 
erator is an injector. 

23. The unit for isolation and purification of nucleic acid according to claim 20, wherein the differential pressure gen- 
erator is a pipette. 

24. The unit for isolation and purification of nucleic acid according to claim 20, wherein the differential pressure gen- 
erator is a pump. 

25. A method for incorporating a hydroxyl group into cellulose acetate, comprising the steps of coating beads with 
cellulose acetate, and saponifying the surface. 

26. A bead having cellulose acetate membrane on a surface thereof, wherein the cellulose acetate membrane has a 
hydroxy! group incorporated thereto by surface-saponification. 

27. A method for analyzing nucleic acid comprising the steps of: 

(1) isolating and purifying a nucleic acid fragment containing a target- nucleic acid fragment according to the 
method of claim 1; 

(2) allowing the target nucleic acid fragment, at least one primer complementary to a portion of the target 
nucleic acid fragment, at least one deoxynucleoside triphosphate, and at least one. polymerase to react with 
each other, and performing polymerase elongation reaction with using the target nucleic acid fragment as a 

; template and using 3' terminal of the primer as an initiation site; and 

(3) detecting whether polymerase elongation reaction proceeds, or whethera polymerase elongation reaction 
product hybridizes with other nucleic acid. 

28. The method for analyzing nucleic acid according to claim 27, wherein whether polymerase elongation reaction 
proceeds is detected by detecting pyrophosphate acid which is produced in polymerase elongation reaction. 

29. The method for analyzing nucleic acid according to claim 28, wrwein pyrophosphoric acd is defected by acolor- 
i metric method. 

30. The method for analyzing nucleic acid according to claim 28, wherein pyrophosphoric acid is detected by a dry 
analytical element. 

31. The method for analyzing nucleic acid according to claim 30, wherein the dry analytical element is a dry analytical 
elementforquantitativeassay of pyrophosphoric acid comprising a reagent layerwhich containsa reagent capable 
of converting pyrophosphoric acid into inorganic phosphorus and a group of reagents which cause color reaction 
depending on an amount of inorganic phosphorus. 

32. The method for analyzing nucleic acid according to claim 31, wherein the dry analytical element for quantitative 
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assay of pyrophosphoric acid comprises a reagent layer which contains xanthosine or inosine, pyrophosphatase, 
. purine nucleoside phosphatase, xanthine oxidase, peroxidase and a color developer. 

33. The method for.analyzing nucleic acid according to claim 27, wherein the polymerase is one selected from the 
group consisting of DNA polymerase I, Klenow fragment of DNA polymerase I, Bst DNA polymerase, and reverse 
transcriptase. 

34. The method for analyzing nucleic acid according to claim 2B, wherein, after pyrophosphoric acid is enzymatically 
converted into inorganic phosphorus, pyrophosphoric acid is detected by use of a dry analytical element for quan- 
titative assay of inorganic phosphorus which has a reagent layer comprising xanthosine or inosine, purine nucle- 
oside phosphorylase, xanthine.oxidase, peroxidase and a color developer, 

35. The method for analyzing nucleic acid according to claim 34, wherein the enzyme for converting pyrophosphoric 
acid into inorganic phosphorus is pyrophosphatase. 

36. The method for analyzing nucleic acid according to claim 34, wherein the polymerase is one selected from the 
group consisting of DMA polymerase I, Klenow fragment of DMA polymerase I, Bst DNA polymerase end reverse 
transcriptase. 

37. the method for analyzing nucleic acid according to. claim 27, wherein nucleic acid is assayed by the detection of 
the presence or abundance of the target nucleic acid fragment, or the detection of nucleotide sequence of the 
target nucleic acid fragment. 

38. The method for analyzing nucleic acid according to claim 37, wherein the detection of nucleotide sequence of the 
target n ucleic acid fragment is performed by detecting mutation or po lymorph ism of the target nucleic acid fragment 

39. An analytical apparatus for performing the method for analyzing nucleic acid of claim 27, comprising: 

(1) means for isolating and purifying a nucleic acid which comprises the unit for isolation and purification of 
nucleic acid of claim 19; 

(2) rea_ction means for performing polymerase elongation reaction; and 

(3) means for detecting whether polymerase elongation reaction proceeds or whether a polymerase elongation 
reaction product hybridizes with other nucleic acid. 
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Fig. 3 
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Fig. 6 
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1. Claims: 1-24, 27-39 

method for isolation end purification of nucleic acids 
employing a solid phase composed of an organic high polymer 
haying a hydroxide (or hydroxy! ) group on a surface thereof, 
units for performing said method, methods for analyzing 
nucleic acids involving said isolation and purification, 
method as a first step, analytical apparatus for performing 
the latter method 



2. Claims: 25, 26 

method for incorporating a hydroxyl group into cellulose 

acetate on beads by saponification, beads coated with 

saponified cellulose acetate . 
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